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INTRODUCTION 


A course of instruction covering the fundamentals of data process¬ 
ing should be a prerequisite or concomitant to the study of this book. A 
student should know the meaning of terms such as: source program, 
object program, CPU, bits, etc. If this prerequisite cannot be met, 
reading a basic book on data processing (e. g. , Basic Principles of Data 
Processing, Saxon and Steyer, Prentice-Hall, Inc. , 1967) would be of 
help to familiarize the student with the specialized terminology of data 
processing. 

While this book can be used in a program of self-study, it has 
been developed as a school text, designed to free the instructor from 
many of the routine aspects of teaching a course on the IBM System 360 
in machine and assembly language. Each lesson was pre-tested with 
individuals and with classroom groups and was revised, as needed, from 
one to six times until it was felt to thoroughly cover the topic. Since the 
book is definitely designed for classroom use as well as for self-study, 
the instructor will find that he has more time for assisting individual 
students and for exploration in greater depth of areas of special class 
interest. 

Please remember that the study of this book will not, in itself, 
develop expert computer programmers. A great deal of practice is 
necessary in each phase of the learning process. There are many 
problems and exercises scattered throughout the book. In every case, 
the correct answer is given on the back of the page. The student is to 
work each problem in the space allotted to it in the book and then check 
the answer with the correct answer given on the following page. If the 
problem was worked incorrectly, the previous page should be reread 
for an additional review. 

In the past, the student of computer programming has often been 
subjected to the study of a one-of-a-kind computer or even a fictitious 
computer. With the advent of the System 360, and its undeniably rich 
repertoire of instructions, a form of standardization will occur since 
other computers being produced will undoubtedly emulate the system. 
For this reason it would be most desirable for uncommitted students to 
study the 360 system. 

Most of the explanatory material about a given instruction will 
occur on and immediately following the page reference given in the 
Table of Contents and Appendix C. However, explanations are occa¬ 
sionally spread out, sometimes being placed at other logical places in 
the book. Much of the material is summarized in Appendix C. The 
student should refer to this Appendix fairly early in his studies and 
continue to refer to it throughout the course. If he ultimately works 
on a System 360 computer, he will undoubtedly find himself using this 
Appendix throughout a good portion of his computer career. 

It would be advantageous for a System 360 computer (Model 30 
or above) to be available for student use during the study of this text. 
This certainly is not a requirement, but "hands-on" application is 
always better for the learning process than purely theoretical instruc¬ 
tion. 
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UNIT I 


Lesson 1 


Bits, Bytes and Words: Nearly all large scale computers operate in the 
Binary mode. We are all familiar with the Decimal system, which utilizes 
10 as its base, but many people are completely unfamiliar with the Binary 
system. This is a base two system, using only two digits, zero and one. 
Computers operate in this^ase two manner, therefore Binary is the lan¬ 
guage of computers. 

A BIT ( Bin ary digiT) is the smallest unit of information used in the 
system. It may be represented by a zero (off) or a one (on). Both data 
and instructions used in the system will consist of a series of bits. 

A BYTE consists of eight contiguous bits ( i. e.,they must be in con¬ 
secutive sequence). Bytes are successive and non-overlapping in computer 
memory and are addressable. There is no restriction on the configuration 
of bits composing a byte. IFYnay be any of the 2® (=256) possible bit con¬ 
figurations ranging from all zeros (00000000) to all ones (11111111). 

A byte may be conveniently thought of as two HEXADECIMAL digits 
(the leftmost four bits constituting one digit and the rightmost four bits 
another digit). By specifying the two hexadecimal digits, we have speci¬ 
fied the complete byte. 

A hexadecimal* digit is a digit to base 16. The decimal digits, 0, 1, 

2, 3, 4, 5, 6, 7, 8 and 9 will serve as ten of the sixteen hexadecimal digits, 
retaining their usual values. We will use A, B, C, D, E and F to represent 
those hexadecimal digits having the values of 10, 11, 12, 13, 14 and 15 
respectively. 


DEC 

BIN 

HEX 

0 

0000 

0 

1 

0001 

1 

2 

0010 

2 

3 

0011 

3 

4 

0100 

4 

5 

0101 

5 

6 

0110 

6 

7 

0111 

7 

8 

1000 

8 

9 

1001 

9 

10 

1010 

A 

11 

1011 

B 

12 

1100 

C 

13 

1101 

D 

14 

1110 

E 

15 

nil 

F 


TABLE I 

Decimal, Binary and Hexadecimal 
Conversion Table 


*The term hexadecimal, as used with computers, is replacing the more 
^correct* term '’sexadecimal” which was, perhaps, too Freudian for 
people's taste. 
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UNIT I 


Lesson 1 


For a better understanding, let us consider that the value of each of 
the four bits in the Binary portion of the Table is as follows: 


value: 
bit positions: 


8 

4 

2 

1 

1 

1 

1 

1 


Only a one (1) bit counts for the value 
shown above it. A zero bit has no value. 


Examples (decimal conversion): 


0001 = 1 

1011 = 11 

0100 = 4 

1101 = 13 

1000 = 8 

nil = 15 


Now consider a byte as two hexadecimal digits (hex. conversion): 

0000 0000 = 0 0i6 

1101 1001 = D 9i6 

1011 1101 = B % 

1001 0011 = 9 3i6 

A computer word is made up of 32 bits (which is four bytes). 


0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

Notice that it is numbered from left to right (decimally), starting with 
zero for the leftmost bit position and continuing to 31 for the rightmost 
bit position. 

Since a word is made up of 32 bits (four bytes), a half word is made up of 
16 bits (or two bytes). Half words are numbered from 0 through 15. 


0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 


For practice, let us translate a number of half words into hex. digits and 

some hex. digits into a half word. , _ 

half word 


IE 


. 6 


A 

ITo 


IE 


c 




i 

□ 

□ 

B 

□ 

□ 

B 

B 

B 

B 

□ 

B 

□ 

□ 

□ 

B 


D 


one byte 
or 

two hex. digits 
or 

eight bits 
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UNIT I 


Lesson 1 


WORK AREA 

Write your answers to the following questions in the space provided, re¬ 
ferring to the text if necessary. After you have written and checked your 
answers, refer to the correct solutions on the following page. Do not 
proceed to the next lesson until you fully understand the questions and 
their correct solutions. 




PROBLEMS: 


Write Answers 

Here 

1. 

Answer the following questions: 
a. How many bits to a byte? 

1. 

a. 





b. 

How many bytes to a word? 


b. 


.A 



c. 

How many bits to a half word? 


c. 

1 




d. 

How many bytes to a half word? 


d. 


z 



e. 

How many hexadecimal digits 
to a byte? 


e. 


z 


2. 

Show both the hexadecimal and 
decimal conversion of the follow¬ 
ing binary numbers. 

2. 


HEX 


DEC 


a. 

0010 


a. 





b. 

0111 


b. 



—7 


c. 

1001 


c. 





d. 

1000 and 1011 


d. 

cr> f 


\ 


e. 

1100 and 1111 


e. 

e p 


1 ■ ^ 

3. 

What is the base of the following: 

3. 






a. 

Binary system 


a. 





b. 

Hexadecimal system 


b. 

. 1 




c. 

Decimal system 


c. 


1 ^ 


4. 

Each of the following is expressed 
in hexadecimal form. Identify 

4. 

a. 

^ 'A 




each by name (bits, bytes, words, 
etc. ). 


b. 





a. 

0 


c. 

S' 


— A.' ^ a) ' 


b. 

c. 

[D C 

|6 A D cl 


d. 



rI 









d. 

|6 A D C 7 B C 3 ) 
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UNIT 1 


Lesson 1 


CORRECT ANSWERS 

PROBLEMS: Remarks 

1. a. 8 

b. 4 

c. 16 

d. 2 

e. 2 


2. HEX 

a. 2 

b. 7 

c. 9 

d. 8B 

e. CF 


3. a. 2 

b. 16 

c. 10 


4. a. hex. digit (four bits) -- 

half byte 

b. byte 

c. half word 

d. word 

I 


DEC 

2 

7 
9 

8 and 11 
12 and 15 
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UNIT I 


Lesson 2 


Instruction and Data Formats: We can now consider the formats of data 
and instructions as they would appear in the general registers- i^ and in 
storage. Problems of input (getting data into storage) and output (getting 
data out of storage) will not be considered at this time. For the time 
being, we will assume that there is a way in and a way out and that the 
item with which we are concerned is already in storage or in the general 
registers. 


Fixed Point Arithmetic Data Formats: Fixed point numbers are integers 'n/" ’ 

(whole numbers) and may be expressed as full words or half words. The ^ 

leftmost bit is always the sign bit: 

0 - - positive (+) number 1 - - negative (-) number 



0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
data bits 


Positive numbers are shown directly in binary with a zero in the sign 
position. Negative numbers are shown in two*s complement notation with 
a one in the sign bit position. 


0 

0 

0 

o 

o 

0 

0 

0 

0 

0 "olo 

3 

0 

0 

0 

0 1 2 3 4 5 6 

7 8 9 10 11 12 13 14 15 

B 

B 

B 

BE 

B 

B 

B 

E 

BIB 

0 

B 

0 

B 


0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 


positive 15 in 
a half word 


negative 15 in 
a half word 


The two*s complement is found by inverting each bit of a number and then 
adding a one-bit to the low-order (rightmost) position (see example above. ) 


WORK AREA 


PROBLEMS: 


Write Answers Here 


5. Indicate which of the following are 
positive and which are negative 
numbers. 

a. 00110110 c. 10100011 

b. 01011101 d. 01000001 


5. 


a. _^ 

b. P 

c. _U 

d. ? 


6. What is the two*s complement of 
the following numbers? 

a. 0101 

b. nil 

c. 1001 

7. What position of a word is occupied 

by the sign? 


6 . 


a. > 


b. 


c. 






7. C- . 


^Discussion of general registers starts on page 7. 
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UNIT 1. 


Lesson 2 


CORRECT ANSWERS 


PROBLEMS: 


Remarks 


a. 

+ 

In a signed number, the 

b. 

+ 

leftmost position always 

c. 

- 

indicates the sign. 

d. 

+ 


a. 

1011 

a. 0101 inverts to 1010. 

b. 

0001 

adding the 1-bit after the 

c. 

0111 

inversion has been made 



completes its conversion 
to 1011. 


0 position 
(leftmost position) 

In converting to two*s complement, suppose the following 
number is to be converted: 


K 

1 

1 

:o] 

1 

0 

0 

1 

+ 



1 


10 10 


invert the number 
add 1 

= two’s competent of 0110 


(one plus one is zero with the one carried to the left. ) 

Note that taking the 2’s complement twice, recovers the original 
number. 


10 10 


0 10 1 
+ 1 


invert the number 
add 1 


0 110 = 2*s competent of 1010 

(Same as original number before the first conversion. ) 
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UNIT I. 


Lesson 3 


Registers and RR Formats: There are 16 general registers with this 
system which can be used as index registers, ‘logic’’ registers, base 
registers or accumulators for fixed point arithmetic. The registers are 
numbered from 0 through 15. 

The format for RR (register to register) type instructions is as 
follows: 


y^Op. Code—■—^ 


.0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15. 

V- Half Word -^ 

Bits 0-7 specify the operation code (what the instruction 
is to do). 

Bits 8-11 specify a register (Rj ). 

Bits 12-15 specify another register (R 2 ). 

Since the Op. Code is made up of 8 bits (this is true of all 
instruction formats), it would be possible to specify 2^ = 256 
different operation codes. 

Rj and R 2 each refers to one of the 16 general registers. Since 
each may refer to any one of the 16 registers, it is possible for 
both of them to refer to the same register. One use for this 
feature will be discussed in Lesson 5. The registers being 
referred to by Rj and R 2 are full word (32 bit) registers. 


¥ 


PROBLEMS: 


8. How many general registers are 
there ? 


WORK AREA 

Write Answers Here 

8 . { 


9- To what does RR instruction for¬ 
mat refer ? 

10. What is the RR format? Show the 
size of each field and what goes 
into each. 


11. How many different operation 
codes are possible? 


12. What is the size of a general 
register. 


9. ^ 


11 , 


12 . 


^ - . \VJ 


10. UA\ T . ‘ . 


'N/1 
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UNIT I 


Lesson 3 


CORREC T ANSWERS 

PROBLEMS: Remarks 

8. 16 

9. register to register instructions 

10 . 

0 7 8 11 12 15 

11. 256 

12. 32 bits or 1 word 

Note: Instructions that will be presented in subsequent lessons 

will have the following format: 

1. Type of instruction 

2. Numeric code in hexadecimal, slash, mnemonic of 

the code 

3. Type(s) of operand(s) referenced 

Example: LOAD: 18/LR Rj , R 2 

1 2 3 

1. The instruction is called LOAD 

2. The hex. number is 18 and the mnemonic is LR 

(for Load Register) 

3. In this example, two general registers are referenced 

(R I and R 2 ) 
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UNIT I. 


Lesson 4 


Basic RR Instructions - LOAD: The instructions in this and the following 
lessons are basic to RR processing. Each one will be defined and ex¬ 
plained, then examples and problems will be presented. The format will 
be: 

Title of Numeric Mnemonic 

Instruc. Operation Operation Operands 

Code Code 


LOAD: 18 / LR Rl , R 2 


This instruction causes the operand in the general register refer¬ 
enced by R 2 to be placed (loaded) into the general register referenced by 

Rl . 

This can be shown symbolically as follows: 

*{Ri)f = {R2)i : {R2)£ = (R2)i 

This means that the contents of 
R2 moves into Rl and what was 
originally in R 2 is still there after 
the move has been completed. 

Examples: 

1. LR 6,5 (Contents of register 5 is loaded into register 6, 

but it will not be destroyed or lost from register 5. 

2. 18 0, 15 (Contents of register 15 loaded into register 0.) 

Note: Either the mnemonic (LR) or the numeric (18) is permissible for 
the Operation Code. Many people prefer the mnemonic because it 
may be easier to remember. 


_ Legend _ 

f = final 
i = initial 

( ) = the contents of . . . 


WORK AREA 


PROBLEM: 


Write Answers Here 

Write a program to exchange the 
information in Registers 3 and 4. 

13. 

Op. 

Code 

Operands 

Register 15 is also available 
for use. 







4 



L 

4 


This symbolic method of depicting the instruction is helpful for some 
people. Similar depiction is left to the student if he finds it helpful. 


9 






UNIT I. 


Lesson 4 


CORRECT ANSWER 


PROBLEM: 


Remarks 


13. OP Operands 

Code 


LR 

15, 

4 

{R4) is loaded into R15 

LR 

4, 

3 

(R3) is loaded into R4 

LR 

3. 

15 

(R15) is loaded into R3 


This may be made a little more clear with the use of actual numbers. 


At the Start: 

Step 1 
Step 2 

Step 3 

At the end: 


R3 


R4 


R15 


R4 


R4 


R3 


R3 


R15 


R3 


R4 


The object is to get the digit 
7 into R4 and 6 into R3. 


The 6 is loaded into R15 for 
temporary safe keeping. 


The 7 is loaded into R4 from 
R3. This accomplishes half of 
the exchange. 


The 6 is loaded from Rl5 into 
R3, completing the exchange. 


If the contents of R3 had been loaded into R4 without first moving the 
contents of R4 to a safe place, the contents of R4 would have been 
lost. 


The student should not be confused by the notation Rj and R 2 to denote 
the general r egisters containing the ^first” and ’’second’^ operands 
respectively. In contrast, the notation Rl5, R4, R3, etc. denotes 
specific general registers. 
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UNIT I. 


Lesson 5 


Other Basic RR Instructions: 


LOAD POSITIVE: 10/LPR R^ , R 2 

This instruction causes the operand in the general register refer¬ 
enced by R 2 to be accessed and examined. One of two things will happen: 

1. If it is positive, it will be loaded (unchanged) into Ri , 

2. If it is negative, the number will be complementedand the resulting 
operand (now positive) will be loaded into Ri . The contents of R 2 
will remain unchanged unless it designates the same register as Rj. 

Examples: 1. LPR 2, 3 (assume that R2 = -14 and R3 = -23) 

After execution general register 2 will contain +23 (the -23 in 
register 3 is changed to +23 and moved into register 2, wiping out the 
-14 that was originally there). The contents of register 3 will remain 
-23. 


2. LPR 9, 9 

This will cause the number originally in general register 9 to be 
examined, ensured that it is positive and loaded (returned, in this case) 
into register 9. 

LOAD NEGATIVE: 11/LNR Ri, R 2 

This instruction is the opposite of Load Positive. If the number 
in R 2 is negative, it will be loaded into Ri . If the number in R 2 is posi¬ 
tive, it will be complemented and the (now negative) number will be load¬ 
ed into Ri . The contents of R 2 will be unchanged unless it designates 
the same register as Rj. 

Examples: 1. LNR 15, 14 

This will cause R14 to be examined. If negative, it will be loaded 
into R15. If positive, it will be complemented and loaded into R15. No 
change in the contents of general register 14. 

2. LNR 7, 7 

This ensures that the number in R7 will be negative. If it was 
negative, it will stay that way and if it was positive, it will be changed 
to negative by complementing the original number. 


Henceforth we will use the word ’’complement” to mean 2*s complement 
and will specify I’s complement when that is what is meant. 
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UNIT I. 


Lesson 5 


LOAD COMPLEMENT: 13/LCR R^, R 2 

The contents of general register referenced by R 2 , will be com¬ 
plemented and loaded into the general register referenced by Ri. The 
contents of R 2 will remain unchanged unless it designates the same 
register as R^ . 

Examples: 1. LCR 13, 13 

This causes a sign change in general register 13. 

2. LCR 12, 11 
LCR 12, 12 

This would have the same net affect as the instruction LR 12, 11. 
Rll is complemented and loaded into R12. Then R12 is recomplemented 
and returned to its original form in Rl2. LR 12, 11 would simply load 
the contents of Rll into R12, which would accomplish the same purpose. 


The following Table is presented to consolidate the information 
presented in the last two lessons. 


Title 

Op. 

Code 

Action 

(contents of. . ) 

Sign 

(—►becomes) 

Comments 

LOAD 

18/LR 

R 2 goes to R 1 

if + -► + 

if-► - 

Sign does not 
change \mder 
any circumstance. 

LOAD 

POSITIVE 

10/LPR 

R 2 to Rj 

if +-► + 

if-► + 

Whether + or -, 
always ends up +. 

LOAD 

NEGATIVE 

11/LNR 

R 2 to R 

if +-► - 

if-► - 

Whether + or -, 
always ends up -. 

LOAD 

COM¬ 

PLEMENT 

13/LCR 

R 2 to R 2 ^ 

if +-► - 

if - -► + 

Always comple¬ 
mented regard¬ 
less of sign. 
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UNIT I. 


Lesson 5 


WORK AREA 


PROBLEM: 


14. Suppose that LOAD NEGATIVE and LOAD COMPLEMENT instruc¬ 
tions were available and that LOAD and LOAD POSITIVE were 
not available. 

a. Write a prograim to accomplish LOAD POSITIVE using only 

the available instructions. Use RO as source and R15 as 
destination. 

b. Write a program to accomplish LOAD using only the available 

instructions. Use R1 as source and R14 as destination. 


a. LOAD POSITIVE program 


Op Code 

\ y L. M 
uo Q~ 


Operands 


b. LOAD program 
Op Code 

.y— 

» Vlc^ 


Operands 

fL\4 ) 

^ A- 
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UNIT I. 


Lesson 5 


CORRECT ANSWER 


PROBLEM: 

14. a. LNR 15,0 
LCR 15,15 


b. LCR 14, 1 
LCR 14, 14 


Load Negative 

Load Complement 

This pair is equivalent to 
LPR 15,0 


Load Complement 

Load Complement again 

This pair is equivalent to 
LR 14, 1 


K 


14 


UNIT I QUIZ 
WORK AREA 

PROBLEMS: I Write Answers Here 


15. How many bits are there in a half 
word and how is a half word 
numbered? 


16. How can you tell whether a number 
is positive or negative? 


17. What notation is used to show 

negative numbers? 

18, How many general registers are 
there and how are they numbered? 


19. What is the format of RR 
instructions ? 


20. What is the meaning of the 
instruction: 

LR Ri , R2 ? 


21. What will be the final outcome 

of each of the following instruc¬ 
tions on the sign of the number b 
being acted upon? 

a. LPR 

b. LCR 

c. LNR 

d. LR 


15. a. V 



c. _ — 

d. -+ \o 
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UNIT I QUIZ 


CORRECT ANSWERS 


PROBLEMS: 


Remarks 


15. a. 16 Refer to page 2 

b. 0 through 15 

16. + zero bit in sign position 

- one bit in sign position Refer to page 5 

17. two*s complement Refer to page 5 

18. a. 16 

b. 0 through 15 Refer to page 7 


19. 


Op. Code R1 R2 
0 7 8 11 12 15 


Refer to page 7 


20. Contents of R 2 loaded 
into Rj . 


Refer to page 9 


21 . a. becomes + 

b. always changes: 

+ to - to + 

c. becomes - 

d. no change Refer to page 11 
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UNIT 2. 


Lesson 6 


Fixed Point Binary Arithmetic: This lesson {and the ones that immedi¬ 
ately follow) will be concerned with register to register arithmetic 
instructions, together with attendant overflow problems where applicable 

ADD: lA/AR , R^ 

This instruction causes the operand in the general register desig¬ 
nated by R 2 (the addend) to be added to the operand in the general regis¬ 
ter designated by Ri (the augend). The sum is placed in the general 
register designated by R^ . 

Examples: 1. AR 6, 12 Initial contents of registers: 

R12 = + 239 R6 = + 248 

The result (+487) will be in general register 6 and general register 
12 will still contain +239. 


Register 12 before (and after) the ADD instruction: 


+239 





El 


Q 

B 

B 

Q 

B 

B 

B 

B 

B 

B 

B 

B 


Q 




Q 





|i| 






0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 


Register 6 before the ADD instruction: + +248 


B 

□ 

B 

B 

B 

B 

B 

□ 

B 

B 

B 

B 

B 

□ 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

□ 

□ 

□ 

D 

D 

B 

□ 

B 


0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 
Register 6 after the ADD instruction: +487 



0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 


Within the computer, arithmetic is performed in binary (not in 
hexadecimal). 

In Lesson 1, the method of calculating in binary was touched upon. 
The value of each bit position is doubled from right to left, therefore the 
number 239, as depicted in Register 12 above, would be obtained as 

follows: ---—------- 

Value: etc, 256 128 64 32 16 8 4 2 1 

Bits: 01 110 111 _ 

128+ 64 +32 + 8 + 4 + 2 + l = 239 

248 is obtained in the same manner 

Value: | 256 1128 | 64 | 32 | 16 8 | 4 | 2 1 

Bits: 0 i 1 I I i 0~ 0 0 


+ 8 + 4 + 2 + 1 


256 

128 

64 

32 

16 

8 

4 

2 

1 

0 

1 

1 

1 

1 

1 

0 

0 

0 


128 

+ 64 

+32 

+ 16 

+ 8 





Remember that only the ’’one’’ bit is given a value. 
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UNIT 2. 


Lesson 6 


2. AR 12, 6 Initial contents of registers: 

R12 = -239 R6 = -248 

The result (-487) will be in general register 12 and general regis¬ 
ter 6 will still contain -248, 

Register 6 before (and after) the ADD instruction: -248 


B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

0 

0 

0 

0 

B 

01 

0 

0 


0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 
Register 12 before the ADD instruction: -239 


B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

0 

0 

0 

B 

0 

0 

0 

B 


0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 
Register 12 after the ADD instruction: -487 


B 

B 

B 

0 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

0 

0 

0 

0 

B 

B 

0 

0 

B 


0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 


Note: Adding the two numbers and ignoring the final carry (out of the 
sign position) automatically obtains the correct answer. This is one of 
the advantages of 2*s complement arithmetic. 


SUBTRACT: IB/SR Rl, R2 

The operand in the general register designated by R2 (the subtra¬ 
hend) is subtracted from the operand in the general register designated 
by Rl (the minuend). The difference is placed in the general register 
designated by Rl. 

Within the computer, the subtraction is effected by inverting the 
bits of the subtrahend and adding this number plus a low-order 1 (this 
forms the 2*s complement, or negative, of the original subtrahend) to 
the minuend. 


Examples: 


1. SR 6, 12 


Initial contents of registers: 
R12 = +239 R6 = +248 


The result (+9) will be in R6 and R12 will remain unchanged. (To 
save space, only the lower half of the word is shown in the following 
example) 


(Subtrahend) +239 
This gets complemented bit- 
by-bit (ones complement) 


(minuend) 


+248' 


and is added to the minuend, 
plus the low-order 1 

to arrive at the result. +9 


0 


0 


0 


0 


0 


0 


16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 


B 

3 

3 

3 

3 

3 

3 

3 

0 


0 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

0 

0 

0 

B 

B 

B 

B 

3 

0 

0 

0 

B 

B 

B 

B 

E 

B 

B 

B 

0 

0 

0 

B 

0 

0 0 

3 

+ 

B 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

B 


T 

1 = 9 





UNIT 2. 


Lesson 6 


Fortunately, neither the programmer nor any other human being is 
required to subtract in this lengthy manner. The computer takes advan¬ 
tage of the ’’adder” circuitry and complementing capability. By using 
this method, it eliminates the need for additional circuitry for subtracting. 

2. SR 12, 6 Initial contents of registers: 

R12 = +239 R6 = +248 

The result (-9) will be in R12 and R6 will remain unchanged 


WORK AREA 


PROBLEMS: 

22. What are the decimal equivalents 

of the following binary numbers. 
Also, show the sign of each num¬ 
ber. Q 

a. 0^-►O 0110 1101 

b. 1 -► 1 0011 0110 

23. Instruction: AR 4, 15 

Initial 

Contents: R4 = +412 

R15 = +29 

After execution: 

a. What is the result in R4? 

b. What is the result in Rl5? 


24. Instruction: AR 6, 6 

Initial 

Contents: R6 = +248 

After execution, what is the 
result in R6? 


25. Instruction: SR 12, 12 

^iontents: R12 = +239 

After execution; 

a. What is the final result 

in R12 ? 

b. Show the final result in the 

half register to the right 
of the page. 


Write Answers Here 
22. a. 


23. 

a. _ 4 ■ ! 

b. 


24. _ 

25. a. _ 

b. 

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 
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UNIT 2. 


Lesson 6 


CORRECT ANSWERS 


PROBLEMS: 


Remarks 


22. a. +109 


b. -202 


23. a. +441 


b. +29 


0 110 
64 + 32 + 


110 1 
8+4+1 = 109 


Since this number is negative, 
we can take the 2's comple¬ 
ment of it to change it to 
positive. 


!■ 

O' 


•10011 

01100 


0110 
1001 
+ 1 


no. 


orig. 

— compl. 

— plus 1 


► 01100 
128+64 + 


1010 


8+2 


result 

202 


412 

29 


the contents of R15 
remain unaltered. 


441 


24. +496 


248 
+ 248 

496 


25. 


+0 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


All of the bits equal to zero is 
the only way to express zero 
in a fixed point binary number 
in System 360. 

239 
-239 
— W~ 


16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 


This is how it works out in the computer 

(subtrahend) +239 — 

This gets inverted 
bit-by-bit - 

Then added to the minuend 
together with a low-order 

I (minuend) +239 ^ + 

V___i 

equals zero^x. 


0 

0 

0 

0 

0 

0 

0 

0 

0 

01 

0 

3 

0 

3 

3 


0 

1 


1 

1 

1 

1 

1 

0 

0 

0 

1 

0 

0 

0 

0 


0 

A 


0 


0 

0 

0 

1 

3 

3 

0 

1 

1 

1 

3 


0 

i 

i 

3 

u 

3 

3 

3 

3 

0 

0 

3 


0 

0 0 


0 


0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 






UNIT 2. 


Lesson 7 


Overflow: There are 32 bit positions in each of the general registers. 
It is obvious then, that there is a size limit above which the registers 
cannot go in either a positive or negative direction. The largest posi¬ 
tive number that can be expressed in such a register is: 


0 1111111111111111111111111111111 


012345678 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 


This is +2, 147, 483, 647 (decimal) 
The largest negative number is: 


M 

□ 

□ 

□□ 

B 

□ 

B 

B 

B 

B 

B 

B 

□ 

B 

B 

B 

B 

B 

□ 

B 

B 

B 

B 

B 

B 

B 

□ 

B 

□ 

□ 

□ 


0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 


This is -2, 147, 483, 648 (decimal). Note that the largest possible nega¬ 
tive number is larger thcin the largest possible positive number. This is 
one of the interesting consequences of expressing negative numbers in 2*s 
complement form. 

When the general register capacity is exceeded (by adding positive 
numbers, adding negative numbers, or subtracting numbers of opposite 
sign from one another or complementing the largest possible negative 
numbers): 

1. The oversized positive number which should be obtained will be nega¬ 

tive and will be 4, 294, 967, 296 too small. 

2. The oversized negative number which should be obtained will be posi- 

tive and will be 4, 294, 967, 296 too large. 

These unexpected results are caused by the overflow condition. 

How the overflow triggers or conditions subsequent events in the com¬ 
puter will be considered later. 


Example of maximum negative number being complemented: 

Original number is: 



In this particular example, the number in the destination register 
will turn out to be the same number that was in the source register in¬ 
stead of the oversized number that was unobtainable*!! As mentioned 
above, the number is 4, 294, 967, 296 too small. 

WORK AREA (PROBLEMS) 


26. What happens when the largest number that will fit into a register 

is exceeded? Answer: , ... —- - - 

27. a. What happens to an oversized positive number? 

Answer: - 

b. What happens to an oversized negative number? 

Answer: _ 
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UNIT 2. 


Lesson 7 




CORRECT ANSWERS 

PROBLEMS: 


Remarks 

26. 

overflow 

occurs 


27. 

a. 

becomes negative 

and 4, 294, 967, 296 too small 


b. 

becomes positive 

and 4, 294, 967, 296 too large 


Additional example: 

Initial contents of registers: 


AR 2,3 


#2 = +1,500, 000, 000 
#3 = +1,000,000, 000 



The sum should be: 

+2,500,000,000 


Actually in R2 after execution of the instruction: -1, 794, 967, 296 

-1,794,967,296 

For correct 

answer - add: +4,294,967,296 

+2,500,000,000 


Positive and Negative Numbers 

The end result of a computation in the System 360 is algebraic in 
nature. The following simple rules of algebra apply: 

1. When adding numbers with the same sign, (+2) (-2) 

take the sum and show the common sign. +(+4) +(*"4) 

+6 -6 

2. When adding two numbers with unlike signs, (+2) (-2) 

take the difference between the two numbers +(-4) +(+4) 


and show the sign of the larger number 



■+2“ 


3. When subtracting one signed number from 

(+2) 

(-2) 

(+2) 

(+4) 

another, change the sign of the subtrahend 

-(-4) 

-(+4) 

-(+4) 

-(+2) 

and add according to the above rules. 

+6 

-6 

-2 

+2 

4. When multiplying, if the signs are alike. 

(+4) 

(-4) 

(+2) 

(-2) 

the product will be positive. If the signs 

x(+2) 

x(-2) 

x(-4) 

x(+4) 

are unlike, the product will be negative. 

+8 

+8 

-8 

-8 


5. For division, the rules for multiplication 
apply. 
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UNIT 2. 


Lesson 8 


Multiply: The result of a multiplication problem (the product) will go 
into two general registers. This has an advantage in that no overflow 
is possible, but a new notation must be introduced to adequately explain 
the instruction: Ri even and Ri odd. 

The ”odd'’ is the next register higher than the ’’even. ” If Rj even 
is R6, Ri odd is R7; if R^ even is R14, Rj odd is R15, etc. 

MULTIPLY: 1C/MR Ri even, R 2 

This instruction causes the operand (multiplicand) in the general 
register specified by Ri odd to be multiplied by the operand (nomtiplieV) 
in the general register specified by R 2 . The product will occupy two 
general registers: 

Ri even - contains the high order (most significant) part of the 
product. 

Rj odd - contains the low order (least significant) part of the 
product. 

R 2 will remain intact if it is only a source and not also a destina- 
tion (if it is not the same as Ri even or Ri odd). The original 
contents of R^ will be lost in any event. 

Example: MR 12, 13 In this case, R12 is the *Ri even' and 
R13 is the *R 2 * specified in the basic instruction above. Also, it 
should be emphasized that although Ri even (R12) is specified in 
this instruction, Ri odd (R13) is actually the multiplicand and (in 
this particular case) it is also the multiplier (R 2 = R13). The 
product will occupy both R12 and R13. 

Assume initial contents as follows: R12 = +5, R13= +9 

After execution, the +5 would be eliminated from R12. R12 and 

R13 would contain the product (9x9=81). The low order digits 
would be in R 13 and the rest of R12 and R13 would be zero filled. 


WORK AREA 


PROBLEMS: 

Write Answers 

Here 

28. 

MR 4, 6 Indicate which register (s) 

|28. a. 



will contain: 

b. 


a. 

b. 

the multiplicand 
the multiplier 
the product 

c. 

c 


c. 



29 . 

a. 

Multiply +16 by +4. The +16 

29 . a. 




is in R9 and the +4 is in R14. 
Write the instruction. 




b. 

Where will the product be 

b. 

^_ 



located? 
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UNIT 2. 


Lesson 8 


CORRECT ANSWERS 


PROBLEMS: 


Remarks 


28. a. R5 

b. R6 

c. R4 and R5 


29. a. MR 8, 14 
b. R8 and R9 


Remember that the multipli¬ 
cand is in the next register 
above the one that is specified 
as Ri even. This forces it to 
always be in an odd-numbered 
register. 


Additional example: MR 4, 6 

MR 4, 7 
MR 4, 8 

Multiply instructions may be used one after the other if the pro¬ 
grammer is sure that the cumulative product (including the most signi¬ 
ficant bit and at least one sign bit) will always be contained in the Rl 
odd general register. Otherwise the high order significance contained 
in the Rl even general register would be lost during the succeeding 
multiplications. This restriction does not include the final multiplica¬ 
tion. 

Assume initial contents of the general registers as follows: 

R5 = -8 , r6 = +16, R7 = +256, R8 = -1, 048, 576 

After execution of the first multiply (MR 4, 6): 


This is 
the sigr 
bit 


4i4 I 

1 1 l( fill 

11111111111111 


0 1 2 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

R5 

1 1 1 f fill 

11111110000000 


0 1 2 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 


These may be 
considered to 
be all sign bits. 

the cumulative 
product (—128) 
is all contained 
in R5. 


all sign bits 

After execution of the second multiply (MR 4, 7): 

a E 


^ most significant bit (having an actual value 


R4 Mil 


I 


11 


0 1 2 


15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 


R5 11 



0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


0 1 2 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

^ ^TigiTlbi^ most significant bit 

After execution of the third multiply (MR 4, 8): 


R4 

0 

0 



0 

1 

2 

R5 

0 

0 

o( 


0 

1 

2 




lo 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 


1 ° 

0 

0 

0 

0 

0 

0 

0 

0 

0 

O 

O 

0 

0 

0 

0 

0 


15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 


other than zero) 


. the cumulative 
product (—32768) 
is still all con¬ 
tained in R5. 


most significant 
bit 

now the final 
cumulative 
product (2 = 

34,359,738,368) 
is not contained 
in R5 since the 
4 most signifi¬ 
cant data bits, 
as well as 28 
sign bits, carry 
over into R4 
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UNIT 2. 


Lesson 9 


Divide: The divide instruction is as follows: 

DIVIDE: ID/DR R, , Rj , 

This instruction causes the dividen^d (which is contained in even 
and Rj odd) to be divided by the divisor (contained in the general regis¬ 
ter specified by R 2 ). The quotient will appear in Rj odd and the remain¬ 
der will appear in Rj even. 

The quotient will have the correct algebraic sign according to the 
signs of the dividend and divisor. The remainder will have the same 
sign as the dividend except that a remainder of zero will be positive 
(all bits in the register will be zero). 

If the quotient is so large that it cannot fit into R^ odd, then a 
’’fixed point divide exception” occurs (to be discussed in detail later), 
the division is not carried out and no change takes place in R even or 
R^ odd. ^ 

Examples: 1. DR 2,4 Initial contents of registers: 

R2 = 0, R3 = 5, R4 = 2 

The dividend in R2 and R3 (value of 5) is divided by the divisor in 
R4 (value of 2). The quotient of 2 will be in R2 odd (which is actually 
R3) and the remainder of 1 will be in R2 even (which is actually R2). 

2. DR 6,4 Initial contents of registers: 

R6 = 5, R7 = 0, R4 = 2 

This would produce a ’’fixed point divide exception”, therefore no 
change would occur in any of the general registers. 

The ’’fixed point divide exception” occurred because the dividend 
in R2 even and R2 odd equals 21,474, 83^, 480 and when it is divided by 
2, the quotient is 10, 737,418,240, which is too large a number to go 
back into R2 odd. 


WORK AREA 


PROBLEMS: 


Write Answers Here 


30. Instruction: DR 8, 14. Indicate 
which register(s) will contain the: 

a. dividend 

b. divisor 

c. quotient 

d. remainder 


30. a. (c 

....I.,., ■--•t:— w 4 

b. \L\4 

c. _2_ 

d. rt ■- 


31. Instruction: DR 6, 10 Initial con¬ 
tents of registers: 

R6 and R7 = -13, RlO = +4. 


31. 


What will be the sign in each of 
the above registers after execution? 


R6 

R7 

RIO 


■V* 
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UNIT 2. Lesson 9 


CORRECT ANSWERS 


PROBLEMS: 


Remarks 

30. 

a. 

R8, R9 



b. 

R14 



c. 

R9 



d. 

R8 


31. 

R6 

negative 

Same sign as the dividend. 


R7 

negative 

Algebraic result of dividing 
two numbers with unlike 




signs. 


RIO 

positive 

No change. 


Additional example: Problem: (1) x (3) x (5) x (7) 

(2) X (4) X (6) 


It is also necessary to preserve the original contents of all seven 
general registers as well as those of the rest of the general registers 
with the exception of R14 and R15, which may be used as working 
registers. 


Program: 


1 . 

LR 

15, 1 

2 . 

MR 

14, 3 

3. 

DR 

14,2 

4. 

MR 

14, 5 

5. 

DR 

14, 4 

6 . 

MR 

14, 7 

7. 

DR 

14, 6 


Note that the product from 
Step 2 becomes the dividend 
for Step 3. The quotient from 
Step 3 becomes the multipli¬ 
cand for Step 4, etc. The 
continuing process works 
beautifully (this is not 
accidental). 


A succession of Divide instructions cannot be given in the same 
manner that a series of multiply instructions are given. 


Problem: (0) x (1) 

(2) X (3) X (4) X (5) 


Incorrect Solution: 

This solution will not work since the 

1 . 

MR 

0,0 

quotient and remainder from Step 2 do 

2 . 

DR 

0,2 

not constitute a satisfactory dividend 

3. 

DR 

0, 3 

for Step 3 and the result of Step 3 would 

4. 

DR 

0,4 

not be a satisfactory dividend for Step 4, 

5. 

DR 

0,5 

etc. 

Possible Solution: 

This procedure (which involves "multi¬ 

1 . 

MR 

2,2 

plying out" the denominator, then the 

2 . 

MR 

2,4 

numerator, followed by the division of 

3, 

MR 

2,5 

the numerator by the denominator) will 

4. 

MR 

0,0 

work unless the product of the denomi¬ 

5. 

DR 

0, 3 

nators exceed the capacity of R3 (of 


the R2 even, R2 odd pair). Also avoids 
fixed point divide exception. 
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SUMMARY OF RR ARITHMETIC INSTRUCTIONS 


Title 

Op. Code 

Action 

Sign 

Comments 

Page 

Ref. 

ADD 

lA/AR 

R 2 (addend) 
added to 

R^ (augend) 

M a, 

a 

m 0 , 

0 ^ 

CQ Q 

r—1 

p (U 
^ (U 

t-H JLi 

(U 

fi Q. 

0 c? 

Remainder 
will have 
sign of the 
dividend. 

If zero, will 
be + 

Sum will be in 

17 

SUBTRACT 

IB/SR 

(subtra¬ 
hend) sub¬ 
tracted from 
Rj (minuend) 

Difference will 
be in R^^ 

18 

MULTIPLY 

1C/MR 

RjOdd (mul¬ 
tiplicand) is 
multiplied by 
R 2 (multi¬ 
plier) 

Rj even is al¬ 
ways named in 
the instruction 
even though the 
multiplicand is 
in R odd. 
Product will be 
in both R^ even 
and Rj odd 

23 

DIVIDE 

ID/DR 

Rj even and 
odd (divi¬ 
dend) is di¬ 
vided by R^ 
(divisor) 

Quotient will 
be in R^ odd. 
Remainder will 
be in R^ even. 

25 


UNIT 2 QUIZ 


PROBLEMS: 


WORK AREA 


Write Answers Here 


32. Write a little program to accomplish 
the following: 

Evaluate the expression: 

y=uxv/w- |u + v| - |w| 

Note: A pair of vertical lines signifies 
absolute value. Thus "|u+v| ” means 
"add V to u, then make sum positive. " 
"|w|" means "make value of w positive. " 

Initial contents of general registers: 
R2 = u, R3 = V, R4 = w 

Preserve these register settings. 
R6, R7, R8 and R9 may be used for 
calculation. The answer should 
appear in R9. 


32. Program 

1 . _ 

2 . _ 

3. _ 

4. _ 

5. _ 

6 . _ 

7. _ 

8 . _ 

9. 
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UNIT 2 QUIZ 


CORRECT ANSWERS 


PROBLEM: 



Remarks 

32. 

Program 


1 . 

LR 

7,2 

u is moved from R2 to R7 

2 . 

MR 

6 , 3 

u (in Rj odd [R7] ) is multiplied 
by V (R3) 

The double length product is in 
R6 and R7. 

3. 

DR 

6.4 

The dividend in R6 and R7 is 
divided by w (R4). Quotient is 
in R7, remainder in R6. 

4. 

LR 

8 , 2 

u is moved from R2 to R8. 

5. 

AR 

8,3 

V (R3) is added to u in R8. 

6 . 

LPR 

8 , 8 

1 u + V 1 is now in R8. 

7, 

LNR 

9,4 

- 1 w 1 is now in R9. 

8 . 

SR 

9,8 

- 1 w 1 - 1 u + V 1 now in R9. 

9. 

AR 

9, 7 

Answer is now in R9. 


This is one way to solve the problem, not necessarily the only 
way. Nearly all programming problems may be accomplished in one of 
several different ways. The important point is that the result is the 
desired one in each case. 
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UNIT 2 QUIZ 


WORK AREA 


PROBLEMS: 

33. AR 5,9 Initial contents: 33. 

R5 = 6 R9 = 7 

What will be in R5 and R9 after 
execution of the instruction? 

34. SR 5, 9 Initial contents as 34. 

above. What will be in 
the two registers after 
execution? 

35. Which of the four arithmetic 35. 

processes may cause an over¬ 
flow condition? 

36. When the capacity of a register is 36. 

exceeded and overflow occurs, 

what will happen to the sign? 

37. MR 6, 11 37. 

a. What register holds the 

multiplicand? 

b. What register holds the 

multiplier? 

c. Where is the product located 

after execution? 

38. DR 6, 11 38. 

a. Where is the dividend located? 

b. Where is the divisor located? 

c. Where are the quotient and the 

remainder located after execution? 

d. What will be sign of the quotient? 

e. What will be the sign of the 

remainder ? 


39. Is it permissible to give a whole 

series of: 39. 

a. multiply instructions? 

b. divide instructions? 


Write Answers Here 



R9 =_ 


V' o ^ 

V- 


1 _ 

// 
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UNIT 2 QUIZ 




CORRECT 

ANSWERS 

PROBLEMS: 

Remarks 

33. 

R5 = 

13 



R9 = 

7 

Refer to page 17. 

34. 

R5 = 

-1 



R9 = 

7 

Refer to pages 18 and 22. 

35. 

add, 

subtract 

Refer to page 21. 

36. 

changes + to - 



or - 

to + 

Refer to page 21. 


(How 

ever, on a divide exception 



no change occurs - refer to 



page 

25.) 


37. 

a. 

R7 



b. 

Rll 



c. 

R6 and R7 

Refer to page 23. 

38. 

a. 

R6 and R7 



b. 

Rll 



c. 

quot. R7 




rem. R6 



d. 

correct algebraic sign 




based on dividend and 




divisor 



e. 

same sign as dividend 

Refer to page 25. 

39. 

a. 

yes 



b. 

no 

Refer to page 26. 
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UNIT 3. 


Lesson 10 


The RX Format: The RR instructions (partially covered in Unit 2) 
worked with 16 general registers in the Central Processing Unit (CPU) 
of the System 360. The RX format instructions work with these same 
registers, but in conjunction with data in the main storage of the com¬ 
puter. 

Main storage consists of up to 2^^ = 16, 777, 216 bytes with consecu¬ 
tive byte addresses from 0 through 16, 777,215 inclusive. It takes 24 bits 
to specify the exact address of any one of these bytes. 

RX Instruction Format (Whole Word) 


Op. Code 

Ri 

Xi 

B 2 

^2 

1 Hjlllipilllllll^llllllllll^l^ 

B9SI 




i ’ . 






1___, ^ _I _ I _ ^ ^ ■ i 

0 7 8 11 12 15 16 19 20 31 


In this type of instruction, Rj references one of the 16 general 
registers (as before). X 2 references one of the 16 general registers, 
other than the zero register, (if X 2 is zero, it references no general 
register. ) B 2 works in the same manner as X 2 , referencingone of the 
16 general registers, other than the zero register. 

Bits 8 through 31 (the low-order 24 bits) of the general registers 
specified by X 2 and B2> pliis the actual contents of D 2 (which is a 12 bit 
quantity) are added together to obtain the address of the second operand. 


Example: 


1. Ri 
X2 

B2 

D 2 


= 4 this refers to gen*l. reg. 4. 

= 3 this refers to gen*l. reg. 3--assume contents 

of 90 , 000. 

= 13 this refers to gen*l. reg. 13--assume contents 
of 800,000. 

= 4,000 


(X 2 ), (B 2 ) and D 2 added together will give the address of the second 
operand: 90,000 + 800,000 + 4, 000 = 894,000 


2. In the example above, if X 2 had been zero: 
add (B 2 ) and D 2 only: 800, 000 + 4, 000 = 804, 000 

3. In example 1, if B 2 had been zero: 
add (X 2 ) and D 2 only: 90 , 000 + 4, 000 = 94, 000 


WORK AREA 


PROBLEMS: 

40. What will be the address of the 

second operand under the follow¬ 
ing conditions: Contents: 

R6=28, R8=16, R14=20, R15=4 


a. 

(Op Code) 

(Ri) 

6, 

14, 

2760 

b. 

(Op Code) 

(Ri) 

0, 

8, 

1520 

c. 

(Op Code) 

(Ri ) 

15. 

0, 

1496 

d. 

(Op Code) 

(Ri) 

14, 

15. 

, 2200 


40. 


Write Answers Here 


a. 


b. 


c. 


d. 


15 .5<b 
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UNIT 3. 


Lesson 10 


PROBLEMS: 

40. a. 2,808 

b. 1,536 

c. 1,500 

d. 2,224 


CORRECT ANSWERS 

Remarks 

(X2)R6 = 28,(B2)R14 = 20 

D 2 = 2760 , sum = 2808 

(X 2 ) zero not used, (B 2 )R 8 =l 6 
D 2 = 1520, sum=1536 

(X 2 )R15 = 4, (B 2 )zero not used, 
D 2 = 1495, sum=1500 

(X2)R14=20, (B2)R15 = 4 

D 2 = 2200, sum = 2224 


Consider the X register as an index register, for indexing items 
into lists, etc. (more about this later) and consider B 2 as a base regis¬ 
ter, which slides all addresses up or down by the amount which it 
specifies. 


Future discussions about Index registers will be referring to X 2 
and discussions about Base registers will be referring to B 2 . 


Note two things: 

1. The largest possible value that D 2 can have is 4095. 

2. The effective address as computed is used to locate the 
operand, but the instruction as it exists in storage will 
remain unaltered. 
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UNIT 3. 


Lesson 11 


The LOAD and STORE Instructions: These two instructions are quite 
similar in nature. One moves data from storage to a general register 
and the other moves data from a general register to storage. 

LOAD: 58 / L Ri , D 2 (X 2 , B 2 ) 

This instruction causes the second operand (the address of which 
is developed as shown in the previous lesson) to be procured from stor¬ 
age and placed in the general register designated by Ri . 

The second operand is a full word. It is addressed by its leftmost 
byte which must be on a full '’word boundary. ” This is the same as say¬ 
ing that the address of the leftmost byte of the word must be divisible by 
four. 

Example: L 2, 2340 (5,4) Initial contents of registers: 

R2 = 2600, R4 = 8192, R5 = 900 

The word, starting at storage location 11,432, would be loaded 
into general register 2. 2,340 (D 2 ) + 900 (X 2 ) + 8,192 (B 2 ) = 11,432 

STORE: 50/ST Ri , D 2 {X 2 , B 2 ) 

This instruction causes the first operand to be procured from the 
general register designated by Ri and to be stored at the second operand 
address (developed from D 2 , X 2 and B 2 ). 

Both of these instructions store (or load) a full word, therefore 
the address of the storage location must be on a full word boundary 
(the leftmost byte must be divisible by 4). 

Example: ST 2, 3500 (0, 0) Initial contents as above. 

2600 (located in R2) would be placed into storage starting with 
location 3500. Both X 2 and B 2 are zero, leaving only D 2 (3500). 

WORK AREA 

PROBLEM: Write Answers Here 

41. Indicate the memory location from 
which data will be loaded into R8 or 

the memory location into which the 

contents of R8 will be stored. 

Initial contents: R5=52, R6=48, R7 = 36. 

a. L 8, 1200 (5, 7) 

b. L 8, 1200 (0, 6) 

c. ST 8, 1200 (5, 0) 

d. ST 8, 1200 (0,0)* 

It is permissible to omit Base and Index specifications of zero. Thus, 
ST 2, 3500 (0, 0) and ST 2, 3500 would be equivalent. In this text, we 
will show the entire notation to avoid any possible confusion. 
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UNIT 3. 


Lesson 11 


CORRECT ANSWERS 


PROBLEM Remarks 


a. 

1288 

1200 + 52 + 36 

b. 

1248 

1200 + 0 + 48 

c. 

1252 

1200 +52+0 

d. 

1200 

1200 + 0 +0 


Note: Remember that D 2 is not an amount in the normal sense of 

the word. It is a specific memory location from which data 
may be moved or acted upon. Also remember that X 2 and 
B 2 are used to modify the D 2 address to obtain a different 
memory location. 
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UNIT 3. 


Lesson 12 


Add and Subtract: These instructions are similar to the RR add and sub- 
tract instructions described on pages 17 and 18, with one notable differ¬ 
ence that the second operand is obtained by adding the contents of the 
registers denoted by ^2 and B 2 to the address D 2 , to reach the desired 
memory location. Just as in the RR instructions, if the receiving 
register capacity is exceeded, overflow will occur (refer to page 21 for 
comments on overflow). 

ADD: 5 A / A Ri , D2 (X2 , B2 ) 

This instruction causes the second operand (addend) which is a full 
word obtained from memory, as designated by D 2 , X 2 , and B 2 (the ad¬ 
dress must be divisible by four - must be on a full word boundary) to be 
added to the first operand (augend) as obtained from the general register 
designated by Ri . The result (sum) is returned to the general register Rj . 

Example: A 0, 1000 (0,4) Initial contents of registers: 

R4 = 900 , RO = 100 

1000 (D 2 ) + 0 (X 2 ) + 900 (B 2 ) = location 1900 in memory. If the contents 
of the word starting at location 1900 is 2260 , this is added to the contents 
of RO (100) = 2360. 

SUBTRACT: 5 B/S Ri , D2 (X2 , B2 ) 

This instruction causes the second operand (subtrahend) which is 
obtained from memory, as designated by D 2 , X 2 ,and B 2 , to be subtracted 
from the first operand (minuend) as obtained from the general register 
designated by Ri . The result (difference) will be located in the general 
register designated by Ri . 

Example: S 10, 3668 (7, 12) Initial contents of registers: 

R7 = 200, R12 = 300 

3668 (D 2 ) + 200 (X 2 ) + 300 (B 2 ) = location 4168. This is the memory 
location from which the subtrahend is obtained. It must be on a full 
word boundary. 


WORK AREA 


PROBLEMS: Write Answers Here 

42. Instruction: A 6,1800 (6,0) 42. a. _ 

Initial contents: R6 = 200 

a. The addend will come from what b. Z ^ ^ 

what memory location? 

b. If the addend is 35, what is the 
final sum? 


43. Instruction: S 6, 1800 (6,0) 43. a. . ^ 

Initial contents as in problem 42. 

a. Name the location of the b. V _ Z 

subtrahend. 

b. What is the resultant difference. 
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UNIT 3. 


Lesson 12 


CORRECT ANSWERS 


PROBLEMS: 


Remarks 


42. a. 2000 


1800 (D 2 ) + 200 (X 2 ) + 0 (B 2 ) = 2000 


b. 235 location 2000 contained 35, added 

to 200 (Ri) = 235 

Note that both Ri and X 2 are 
register 6. This causes no 
conflict. 


43. a. 2000 


b. 165 


Same process as finding the 
location of the addend in the 
previous problem. 

200 - 35 = 165 
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UNIT 3. 


Lesson 13 


Multiply and Divide Instructions: These instructions are similar to the 
RR multiply and divide instructions described on pages 23 and 25. The 
difference is that the second operand is obtained (as in the add and sub¬ 
tract instructions just considered on page 35) by adding the contents of 
the registers denoted by X2 and B2 to the address D 2 . 

MULTIPLY: 5C/M Ri, D 2 (X 2 , B 2 ) 

This instruction causes the multiplicand, in general register Ri odd, 
to be multiplied by the multiplier (a full word obtained from memory as 
designated by D 2 , X 2 and B 2 ). The address of the multiplier must be 
divisible by 4 -- it must lie on a full word boundary. The product will 
occupy the two general registers Ri even (containing the high-order por¬ 
tion of the product) and Ri odd (containing the low-order portion of the 
product). The original contents of Ri odd (multiplicand) and Ri even will 
be lost. 

DIVIDE: 5D/D Ri , D 2 (X 2 , B 2 ) 

The dividend (in Ri even and Ri odd) is divided by the divisor 
(which must lie on a full word boundary and which is obtained in the same 
manner as for the multiplier above). The quotient will appear in Ri odd 
and the remainder in Ri even. If the quotient is too large to fit into Ri 
odd, a ’’fixed point divide exception” occurs (to be discussed later), the 
division is aborted and no change takes place in Ri even or Ri odd. 

Examples: 

1. M 6, 200 (4,2) Initial contents of registers: 

R2 = 50, R4 = 30, R6 = 0, R7 = 100, R8 = 80 

multiplicand = 100 (R7, which is Ri odd) 

address of multiplier: 200 (D 2 ) + 30 (X 2 ) + 50 (B 2 ) = 280 

2. D 6, 210 (4,8) Initial contents as above. 

dividend =100 (R6 and R7, which is Ri even and Ri odd) 
address of divisor: 210 (D^ ) + 30 (X 2 ) + 80 (B 2 ) = 320 

WORK AREA 

PROBLEMS: Write Answers Here 

44. D 6, 480 (8, 9) Initial contents: 

R6=0, R7 = 150, R8=20, 

R9 = 60 

a. After execution, where will the 
quotient and remainder be located? 

b. What is the address of the divisor? 

45. M 6, 220 (6, 9) Initial contents 

as above. 

a. What is the multiplicand amount? 

b. What is the address of the 

multiplier? 

c. Where will the product be located? 
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UNIT 3. 


Lesson 13 


CORRECT ANSWERS 


PROBLEMS: Remarks 


44. a. 

Quotient 

R7 

Rl odd 


Remainder 

R6 

Ri even 

b. 

560 


480 (D2 ) + 20 {X2) + 60 (B2) = 560 


45. a. 

150 

R7 is Rl odd 

b. 

280 

220 (D2) + 0 (X2) + 60 (B2) = 280 

c. 

R6 and R7 

R6 will contain the high-order 


portion and R7 will contain the 
low-order portion. 


Notice that both the address of the divisor and the address of the 
multiplier are divisible by 4. This is a very important point to 
remember with full word, RX type, instructions. 

Also remember that the Ri, which appears in the instruction 
itself, must be even since it specifies Rj even. R^ odd will be the next 
register up from Ri even. 
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UNIT 3. 


Lesson 14 


The RX Format (half words): In order to conserve space in core storage, 
data may be stored as half words rather than full words (if the nature, 
precision,and size of the data permits). 

RX Instruction Format (half word) 


sign bit 


0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 


The range of the data must be from ~2 ^ = -32, 768 up to 
+2^^ - 1 = +32, 767 inclusive. 


Example: 

If 20, 000 items of data were all within this range, they could be 
stored in 10, 000 words of storage. This is a saving of 10, 000 words or 
40, 000 bytes of very precious storage. 


LOAD HALF WORD 48 /LH Ri , D2 (X2 , 32 ) 

This instruction causes the second operand (the address of which 
is developed as shown in previous RX format lessons) to be procured 
from storage as a half word, developed into a full word, and placed in 
the general register designated by Ri . The second operand half word is 
addressed by its leftmost byte, which must be on a *'half word boundary" 
(the address must be divisible by 2). 

The full word is developed from a half word by sign propagation; 
the sign bit is propagated to the left to form the additional half word. 


Example: 


half word:, 


The sign bit gets propagated . 
throughout the upper half word.' 


19 yU P 10111O J 

/o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 


Q r+ H i T I I I M I I 1 f t Q |Q|Q|Q|Q|Q|o|o|o|Q|Q|o|q|o|o|q|q 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 


WORK AREA 


PROBLEMS: 

46. What is the significance of the term, 
"Half word boundary" in terms of 

operand address? 

47. Instruction: LH 3, 3330 (0,0) 

The half word at what location would 
be loaded into which general register? 

48. Instruction: LH 0, 3500 (0, 0) 

a. What byte locations are procured by 

this instruction? 

b. After sign propagation, where will 

the full word be located? 

c. Is D considered to be on a "full word" 

or "half word" boundary? 


Write Answers Here 

46. _ 

47. a. location 

b. general 
register 

48. 

a. _ 

b. _ 

c. 




UNIT 3 


Lesson 14 


PROBLEMS: 


CORRECT ANSWERS 

Remarks 


46. address must be divisible 
by 2. 


address is the leftmost byte of 
the half word. 


EVENADDRESS 

ODD ADDRESS 

BYTE 

BYTE 


This address is: This address is not: 
-- on a half word boundary. 


47. a. location: 3330 

b. general register: R3 


48. a. 3500, 3501 

b. RO 

c. both 


one half-word = two bytes. 


the address is divisible by both 
4 (whole word boundary) and 2 
(half word boundary). 


STORE (halfword): 40/STH R^, D 2 (X 2 , B 2 ) 

This instruction is the reverse of the LOAD (half word) instruction 
in the same manner that the LOAD and STORE full word instructions 
were opposites. 

This instruction causes the low-order half word of the first operand 
(from the general register designated by Ri) to be stored at the half word 
location given by the second operand address (developed from D 2 , X 2 , and 
B 2 as before). 

Since this instruction stores a half word, the address of the left¬ 
most byte of its storage location must be on a half word boundary (must 
be divisible by 2). 

Example: STH 6, 2200 (0, 0) 

The contents of the low-order half of R6 will be stored into a 
half word at location 2200 (since X 2 and B 2 are both zero). 

This is quite straightforward and should need no further 

explanation. 
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UNIT 3. 


Lesson 15 


Half Word Add and Subtract: These instructions are quite similar to the 
full word add and subtract instructions described on page 35. The differ¬ 
ence is that the second operand is procured from storage as a half word, 
then expanded by sign propagation into a full word before being used in 
the arithmetic process. 

ADD (halfword): 4A/AH Rj, D 2 (X 2 , B 2 ) 

This instruction causes the second operand (addend), which is ob¬ 
tained as shown in the previous lesson, to be added to the first operand 
(augend), which is obtained from the general register designated by . 
The sum will be returned to Ri. The address of the leftmost byte of the 
second operand must lie on a half word boundary (must be divisible by 2 ). 

Example: AH 4, 200 (0, 6 ) Initial contents of registers: 

R4 = 2600, R 6 = 20 

200 (D 2 ) + 0 (X 2 ) + 20 (B 2 ) = location 220 in memory. If the contents of 
the half word starting at 220 is 2660, this is added to the contents of R4 
(2600) to equal the sum of 5260, which will be located in general register 
4 (Ri). 

SUBTRACT (half word) 4B/SH R^ , D 2 (X^ > B 2 ): 

This instruction causes the second operand (subtrahend), which is: 
obtained as shown in the previous lesson, to be subtracted from the first 
operand (minuend), which is obtained from the general register desig¬ 
nated by Ri . The difference will be in R^ and the address of the second 
operand must lie on a half-word boundary (must be divisible by 2 ). 


WORK AREA 


PROBLEMS: 


Write Answers Here 


49 . Initial contents of registers: 

R2=240, R3=480, R4=560 
Instruction: AH 2, 6 OO (2, 3) 


a. What is the location of the addend? 

b. If the addend is 400, what will be 

the sum and where will it be located? 


c. What will become of the augend? 


c. 


50. Instruction: SH 2, 6 OO (3,4) 

Initial contents of registers as above. 

a. What is the location of the 

subtrahend? 

b. Where will the difference be 

located? 


50. 


a. 


b. 


c. 


c. If the subtrahend is 400, what 
will be the difference? 


41 



UNIT 3. 


Lesson 15 


CORRECT ANSWERS 


PROBLEMS: 


Remarks 


49. a. 1320 


600 (D 2 ) + 240 (X 2 ) + 480 (B 2 ) = 1320 


b. 640 sum 

located in R2 


The sum is located in the general 
register designated by Ri (in this 
case R2). 


c. it will be lost 


Replaced by the sum. 


50. a. 1640 

b. in R2 

c. -160 


600 {D 2 )+ 480 (X 2 ) + 560 (B 2 ) = 1640 

This is the general register 
designated by Ri in the original 
instruction format. 

Refer to the general rules for 
algebra shown on page 22. 

(+240) 

-(+400) 

(- 160 ) 
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UNIT 3. 


Lesson 16 


Half Word Multiply: This instruction differs from the multiply instruction 
shown on page 3 7, not only in that a half word multiplier is taken from 
storage, but also in that the product will be single word length (not double 
word length) and the first operand (Ri) may be any general register (not 
just an even register). 

MULTIPLY (halfword): 4C/MH Ri , D 2 (X 2 , B 2 ) 

This instruction causes the multiplicand in the general register 
designated by Ri to be multiplied by the half word multiplier, which is 
developed as shown in previous half word format lessons. The single 
word product will be in Ri and the original multiplicand will be lost. 

The address of the multiplier will be as designated by D 2 , X 2 and 
B 2 . It must lie on a half word boundary (must be divisible by 2). 

Observe that the product is in a single word. If it is too large to 
go into a single word, then only the lower portion of the product goes into 
the word and the upper portion is lost. No overflow indication is given 
by the computer, therefore the programmer must know the size of the 
numbers that he will be dealing with. 

Note: There is no corresponding DIVIDE half word instruction. 


Example: MH 3, 6 OO (0, 2) Initial contents of registers: 

R2 = 200, R3 = 2400 

The multiplicand is 2400 (Ri , which in this example is R3). 
The location of the multiplier is: 

600 (D 2 ) + 0 (X 2 ) + 200 (B 2 ) = 800 


WORK AREA 


PROBLEMS: 


Write Answers Here 


51. 


a. 


Instruction: 

MH 9, 1200 (12, 13) 

Initial contents of registers: 

R9 = 2008, R12 = 40, R13 = 60 


51. 


What is the value of the multiplicand? 


a. 


b. 


b. Where is the multiplier located in 

storage? c. 

c. Assume that the value of the multi¬ 

plier is 10 , what will be the 

product of this multiplication? d. 

d. What will be the location of the 

product? 
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UNIT 3. 


Lesson 16 


CORRECT ANSWERS 


PROBLEMS: 


Remarks 


a. 

2008 

Multiplicand is in general 
register 9 (Ri ). 

b. 

1300 

1200 (D 2 ) + 40 (X 2 ) + 60 (B 2 ) = 
1300 

c. 

20,080 

2008 X 10 = 20,080 

d. 

R9 

general register 9 is desig¬ 
nated by Ri . 


A number of RR and RX format instructions have now been 
covered. The following two pages will summarize all of the instructions 
covered to this point. The summary can serve as a quick reference to 
instructions and their functions during the study of sample programs 
and problems. 
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SUMMARY OF INSTRUCTIONS 


I. RR Instructions: 


TITLE 

Op. 

Code 

Action 
(contents of) 

jsign 

(-becomes) 

Comments Page 

Ref. 

LOAD 

18 /LR 

R 2 goes to Ri 

if + + 

if - 

Sign does not change 
under any circum¬ 
stance. 

9 

LOAD 

POSITIVE 

10/LPR 

R 2 to Ri 


Whether + or 
always ends up +. 

11 

LOAD 

NEGATIVE 

11/LNR 

R 2 to Ri 

if + 
if - 

Whether + or -, 
always ends up -. 

11 

LOAD COM¬ 
PLEMENT 

13/LCR 

R 2 to Ri 

if + 

if - + 

Always comple¬ 
mented regardless 
of sign. 

12 

ADD 

lA/AR 

R 2 (addend) 
added to 

Ri (augend) 

rt ^ 

U (M 
pQ csi 

0 

0 

rT ao 

VH 

0 0 

CO ^ 

d m 
u 0 

Remainder 
will have 
sign of the 
dividend. 

If zero, 
will be + 

Sum will be in Ri 

17 

SUBTRACT 

i 

IB/SR 

R 2 (subtraWd) 
subtracted 
from Ri 
minuend) 

Difference will be in 

Rl 

18 

MULTIPLY 

1C/MR 

Ri odd 
(mul'cand) 
is multiplied 
by R 2 (multi¬ 
plier) 

Rl even is always 
named in the instruc¬ 
tion even though the 
m'cand is in Ri odd. 
Product will be in 
both Rl even and Ri 
odd. 

23 

DIVIDE 

ID/DR 

Ri even and 
Rl odd (divi¬ 
dend) is divi¬ 
ded by R 2 
(divisor) 

Quotient will be in 

Rl odd. Remainder 
will be in Ri even. 

25 

_ 


n, RX (full word) Instructions 


LOAD 

58/1. 

2nd operand 
loaded into 

1st operaind 

■ 

full word - addressed 
by leftmost byte 
(which is divisible by 
4) 

33 

STORE 

50/ST 

1st operand 
stored into 

2nd operand 

■ 

as above - 2nd oper¬ 
and developed from 

D 2 + X 2 + B 2 

33 

ADD 

5A/A 

P2(X2 .B 2 ) 
addend, ad¬ 
ded to R 1 

as above - sum in 

Rl 

35 

SUBTRACT 

5B/S 

D2 (Xa B2 ) 
subtrahend 
subtracted 
from Rl 
(minuend) 


as above - differ¬ 
ence will be in Ri 

35 

MULTIPLY 

5C/M 

Rl odd 

(m'cand) mul¬ 
tiplied by 

D2 (X2,B2) 
(m'plier). 

0 

aa 

as above - product 
will be in Rl even 
(hi-order portion) 
and Rl odd (low- 
order portion) 

37 

DIVIDE 

5D/D 

Rl even & 
odd (divi¬ 
dend) is di¬ 
vided by 

Dz (X 2 , B 2 ) 
(divisor) 

^ & 

^ rt 

a ^ 
u n 

0 0 
fl W) 

as above - quotient 
will be in Rl odd, 
remainder in Ri even. 

37 
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Ill RX (half word) Instructions 


Sign 

[becomes) 



Comments 


ADD (half 
word) 

4A/AH 

D2(X2B2) 
addend add 
ed to R 
(augend) 

SUBTRACT 
(half word) 

4B/SH 

D2 (X2, B2) 
subtrahend 
subtracted 
from Ri 
(minuend) 


MULTIPLY 
(half word) 



half word - address¬ 
ed by leftmost byte 
-which is divisible 
by 2 

39 

as above. 

40 

as above - sum will 
be in Ri 

41 

as above - differ¬ 
ence will be in R 1 

41 


as above - product 
will be a single word 
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UNIT m QUIZ 


WORK AREA 


4 


PROBLEMS: 

52. What titles were given to the X 2 and B 2 
portions of the second operand in the 
RX format? 

53. In terms of divisibility of address, 
what is the meaning of each of the 
following terms? 

a. full word boundary 

b. half word boundary 



54. Instruction: L 3, 1400 (3,5) 

a. From what instruction address 
would data be moved? 


b. Data would be moved to which 
register ? 

55. Instruction: A 2, 1400 (4,0) 

a. What address will the addend 

come from? 

b. Is this a legal address (based on 

the rules for RX instructions?) 

c. If the addend is 400, what is the sum? 

56. Instruction: D 2, 1400 (0, 5) 

a. Where is the dividend located? 

b. Where would the quotient appear? 

c. Where would the remainder appear? 

d. The divisor will be in what location? 

e. Is this a legal location? 

57. Instruction: SH 2, 1400 (0, 0) 

a. What is the address of the 

subtrahend? 

b. Is this a legal address? 

c. Where will the difference be located? 

58. Instruction: MH 2, 1400 (3,4) 

a. Where is the multiplicand located? 

b. Where is the multiplier located? 

c. Where will the product be located? 






UNIT III QUIZ 


CORRECT ANSWERS 


PROBLEMS 


Remarks 


52. 

X 2 index registers 




B2 

base registers 

Refer to page 

32. 

53. 

a. 

divisible by 4 




b. 

divisible by 2 

Refer to pages 33 and 38 

54. 

a. 

1480 




b. 

R3 

Refer to page 

33. 

55. 

a. 

1440 




b. 

yes - divisible by 4 




c. 

420 

Refer to page 

35. 

56. 

a. 

R2 and R3 




b. 

R3 




c. 

R2 




d. 

1450 




e. 

no - not divisible by 4 

Refer to page 

37. 

57. 

a. 

1400 




b. 

yes - divisible by 2 




c. 

R2 

Refer to page 

41. 

58. 

a. 

R2 




b. 

1470 




c. 

R2 

Refer to page 

43. 
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UNIT 4. 


Lesson 17 


Program Status Word: In many computers a special register (called the 
Program Address, or P, Register) is used to keep track of the address 
of the next instruction to be executed. Normally, the instructions of a 
program are taken in sequence, so that the instruction address is in¬ 
creased by the appropriate amount, depending upon the size of the previ¬ 
ous instruction. However, when branching instructions are used, if the 
criterion for branching is successful, then the address of the next in¬ 
struction must be changed to the address of the instruction to which the 
program will branch. 

In the System 360, the special register used to keep track of the 
address of the next instruction (and to keep track of some other things 
as well) is known as the Program Status Word (PSW). It is really two 
words contained in a 64-bit ’’control area” of the computer. Various 
items of information are contained in the PSW. Format is as follows: 


—U_ 

BB 


INSTRUCTION ADDRESS 


0 34 35 40 63 


Bits 40-63 contain the Instruction Address (the address of the in¬ 
struction which is to be executed next in the program). In the normal 
flow of the program, this is increased depending upon the byte size of 
the previous instruction (an increment of two for an RR instruction; an 
increment of four for an RX instruction). If the conditions of a Branch¬ 
ing instruction are met, bits 40-63 will then contain the address to 
which the program will branch. 

Bits 34-35 contain the Condition Code, which will be discussed 
later in the Unit. The significance of other bits of the PSW will be 
discussed later. 


WORK AREA 


PROBLEMS 


Write Answers Here 


59. Instruction: L 4, 2200 (0, 5) 

located in storage at 4820. After 
execution of this instruction, what 
will be in the PSW Instruction 
Address ? 


59. 


60. Instruction: LR 4, 12 located in 
storage at 7688. After execution, 
what will be in the PSW Instruction 
Address ? 


60 . 


61. Assume an instruction to branch to 
9800 Txnder a specified condition. 

If the condition is met, what will 
be the instruction address in the 
PSW? 


61. 


7 r ^ 
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UNIT 4. 


Lesson 17 


CORRECT ANSWERS 


PROBLEMS: 


59. 


4824 


60 . 


7690 


61 . 


9800 


Remarks 


This is an RX instruction, 
therefore the Instruction 
Address will be moved up 
four bytes (4820 + 4 = 4824). 


This is an RR instruction, 
therefore the Instruction 
Address will be moved up 
two bytes (7688 + 2 = 7690). 


Since the condition for 
branching was met, the 
Instruction Address will 
be set to the address stated 
in the original branching 
instruction. 


Note: After the instruction is fetched--and before it is executed--the 
instruction address portion of the PSW is updated in anticipation 
of taking the next instruction in sequence; if the instruction is 
fetched in a branch instruction then the updated address is the one 
which may have to be replaced by the branch address. 
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UNIT 4. 


Lesson 18 


Branch On Condition: This instruction comes in two formats; RR and RX. 
The RR instruction and format: 

BRANCH ON CONDITION: 07/BCR Mi , R 2 


07 


Ml 


R2 


0 


7 8 11 12 15 


If the branch is successful, the ’’updated’* instruction address will be 
replaced by the branch address. ^ 

In this instruction, the branch address is in the general register ref¬ 
erenced by R 2 (except that if R 2 is zero no branching occurs. ) 


The RX instruction and format: 

BRANCH ON CONDITION: 47/BC Mi, D 2 (X 2 , B 2 ) 


47 

Ml 

X 2 

B 2 

D 2 


0 7 8 11 12 15 16 19 20 31 


Just as in the RR format, if the branch is successful, the ’’updated” 
instruction address will be replaced by the branch address. * 

In this instruction, the branch address is obtained by adding the con¬ 
tents of the general registers referenced by X 2 and B 2 to the address, D 2 . 
This is the same as with other RX type instructions. 

The test for branch, in both of these instructions is dependent on the 
Mask (Ml and the way it compares to the Condition Code (CC) in the 
PSW. This will be explained in detail in the next lesson. 


WORK AREA 


PROBLEMS: 


Write Answers Here 


In the following problems, indicate the 
branch address. Initial contents of 
registers: R 6 = 200, R7 = 40, R 8 = 60 

5 


62. 

BCR 

0 

0 

6 

62 . 


63. 

BC 

00112 , 

2600 (7, 8 ) 

63. _ 


64. 

BC 

OOII 2 , 

1460 ( 6 , 8 ) 

64. _ 

-- 

65. 

BCR 

OOII 2 , 

7 

65. 



* Branching must always be to a half-word boundary (address of instruc¬ 
tion must always be divisible by two. ) More of this later. 

'J'^'To facilitate the explanation of the mask, we will consider the individual 
bits, showing the mask as a binary number. In actual programming, a 
decimal or hexadecimal character would probably be used. 
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UNIT 4. 


Lesson 18 


PROBLEMS: 


62. 200 


63. 2700 


64. 1720 


65. 40 


CORRECT ANSWERS 


Remarks 


R2 indicates the branch 
address 


2600 (D2 ) + 40 (X2 ) + 60 (B2 ) 
= 2700 


1460 (D2) + 200 (X2) + 60 (B2) 
= 1720 


If the test for branch indicates that no branching will occur, the 
branch address is ignored and the next instruction in sequence will be 
executed; two bytes ahead for RR instructions and four bytes ahead for 
RX instructions. 
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UNIT 4. 


Lesson 19 


Criterion for Branching: In the two instructions presented in the previ- 
ous lesson, the criterion for branching is the state of the MASK (Mj) 
relative to the Condition Code (CC) in the PSW. The CC contains two 
bits, therefore it may have a value of 0, 1, 2 or 3. 

00 = 0 
01 = 1 
10 = 2 
11 = 3 

The Mask contains four bits. The comparison is made and branch¬ 
ing occurs under the following conditions; 


Mask Positions 
8 9 10 11 


Condition 

Code 

3 (II 2 ) 

2 (IO 2 ) 

1 (OI 2 ) 

0 {OO 2 ) 


The Mask is controlled by the programmer, since it is part of the 
instruction itself. The Condition Code, on the other hand, changes as a 
result of certain instructions. 


Example: 


If the sum of an ADD 

instruction is; -CC will be: 


zero 0 

less than zero 1 

greater than zero 2 

such that overflow 

occurs 3 


Since the Mask consists of four bits, sixteen combinations of bits 
are possible. A few of the more obvious combinations are shown below? 


Mask Positions 
8 9 10 11 

0 0 0 0 

010 0 ^ 

101 0 V 

1 0 0 0 ^ 

011 0 '<' 

0 0 0 1 i 

111 o' 

111 1 


Description 

No-branch (NO-OP) do nothing 
instruction 
Branch on Negative 

Branch on Positive. 

Branch on Zero 

Branch on Non-zero 

Branch on Overflow 

Branch on No-overflow 

Unconditional Branch 
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UNIT 4. 


Lesson 19 


The following Table shows the effect that execution of each instruc¬ 
tion (studied thus far) has on the Condition Code (CC), and the Mask that 
should be used to branch for each of these results. 


Instruction 

No 

Chg. 

If result is: 

r^-o— 

1 < 0 ____ 

1_>0_ 

overflow 


Mask 

CC 

Mask 

CC 

Mask 

CC 

Mask 


LR 

X 










L 

X 










LH 

X 










ST 

X 










STH 

X 










LTR 


0 

ixxx 

1 

XIXX 

2 

XXIX 

cannot happen 


LC 


0 

ixxx 

1 

XIXX 

2 

XXIX 

3 XXXI * 


LCR 


0 

IXXX 

1 

XIXX 

2 

XXIX 

3 XXXI * 


LPR 


0 

IXXX 

cannot happen 2 

XXIX 

3 XXXI * 


LNR 


0 

IXXX 

1 

XIXX 

cannot happen 

cannot happen 


C 


0 

IXXX 

1 

XIXX 

2 

XXIX 

cannot happen 


CR 


o 

IXXX 

1 

XIXX 

2 

XXIX 

cannot happen 


CH 


0 

IXXX 

1 

XIXX 

2 

XXIX 

cannot happen 


AR 











A ) 











AH ( 


0 

IXXX 

1 

XIXX 

2 

XXIX 

3 XXXI 


SR > 











S \ 











SH f 











MR \ 











M / 











MH> 

X 










DR 1 











D 1 











BCR 

X 










BC 

X 










BCTR 

X 










BGT 

X 










* Overflow occurs when a maximum negative number turns positive. 

These instructions are included since they will be discussed shortly 
+ These instructions test the Condition Code, but do not change it. 


Note 1: The mask indicates which one of the mask bits must be a "one” 

to cause a branch dependent on a particular result. It is 
possible to use more than a single one-bit in the mask if com¬ 
binations of conditions are desired. For this reason, X*s are 
shown in the Table instead of zeros. 

Note 2: The CC is shown in decimal notation, while the mask is shown 

as bit configurations. 
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UNIT 4. 


Lesson 19 


WORK AREA 


PROBLEMS: 


Write Answers Here 


66 . a. What two areas are compared 
by the computer to determine 
whether branching should take 
place ? 

b. Where are these two areas 
located? 


66 . 

a. Ce ^ 




67. Under the following conditions of 
comparison between the Mask and 
CC, would branching occur? 


a. 

00012 

and OI 2 

b. 

00102 

and 10 2 

c. 

01002 

and 01 2 

d. 

10002 

and 00 2 


67. 


a. 


b. 


c. 


d. 


/t J 


- 

y/f 

yjg 5 



68 . What would you put into positions 
8-11 of the Branch on Condition 
instruction if you wanted an un¬ 
conditional branch? 



69 . What will the CC contain as a 

result of an ADD or SUBTRACT 
instruction which results in: 

a. zero c. > zero 

b. < zero d. overflow 


69. 


a. 


6 


b. _ l_ 

c. ^ 

d. ,3 


70. Write the following instructions: 


70. Instructions 


a. Add the contents of R3 and R4 

b. Branch to location 1200 if the 

sum causes overflow. 


a. 


b. 


Ali n? ;^i( 


55 





UNIT 4. 


Lesson 19 


CORRECT ANSWERS 


PROBLEMS: 


Remarks 


66. a. Mask and CC 

b. Mask in instruction 
CC in PSW 


a. 

no 

b. 

yes 

c. 

yes 

d. 

yes 


This would require a 3 in 
the CC for branching 


68 . nil 


All one-bits in the mask 
assures an unconditional 
branch. 


69. a. 0 

b. 1 

c. 2 

d. 3 


A zero result will cause 0 in the CC 
< zero result will cause 1 in the CC 
> zero result will cause 2 in the CC 
overflow will cause 3 in the CC 


70. 


Instructions 

a. AR 3, 4 

b. BC 1, 1200 (0,0) 


Mask is written by the programmer 
in decimar'hotation (1 instead of 
0001); however, you should figure 
out the bits of the mask in binary 
even though Mi will normally be 
written as a decimal number. 


^ or hexadecimal 
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UNIT 4. 


Lesson 20 


Load and Test Instruction: 

Instruction 

LOAD AND TEST: 12/LTR Rj , R2 

This instruction is similar to the LR instruction in that the oper¬ 
and in the general register referenced by R2 is loaded into the general 
register referenced by Ri. 

Unlike the LR instruction (which leaves the CC unchanged), the 
LTR instruction tests the second operand and changes the CC accord¬ 
ingly. If Ri and R2 both designate the same register, then this instruc¬ 
tion has the effect of testing the contents of a general register without 
any resulting movement of data. 

Example: LTR 2, 7 Initial contents of registers: 

R2 = 4200, R7 =-266 

After execution, R2 will also contain -266. 

Along with the execution of the LOAD p art of t he instruction, the 
second operand is tested and the CC is set to | 0 | 1 | because the oper¬ 
and which was tested (-266) was less than zero. 


WORK AREA 


PROBLEMS: 


71. In the following problems, indicate 
the resultant change in the CC based 
on the value of the operand. 



a. LTR 8, 9 

b. LTR 8, 10 

c. LTR 9, 11 

d. LTR 8, 8 

e. What will be in the receiving 
register after execution of the 
instruction? 


Write Answers Here 


e. 
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UNIT 4. 


Lesson 20 


PROBLEMS: 


71. a. I 1 I 0 
90 


b. Lii^ 

40 


c. 0 1 

-200 


d. 0 I 0 
0 


CORRECT ANSWERS 


Remarks 


(2) R9 > 0 after 

execution, R8 will contain 
90. 


( 2 ) 


RIO >0 After execution, 
R8 will contain 40. 


( 1 ) 


Rll < 0 After execution, 
R9 will contain -200. 


( 0 ) 


R8 = 0 After execution, 
R8 will be \mchanged. 
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UNIT 4. 


Lesson 20 


Programming Example: 

It is desired to test the discriminant of a quadratic equation for 
root characteristics. 

Discriminant Value Means 

zero double root 

> zero real roots 

< zero imaginary roots 


The discriminant is given by the expression B2 -4AC. 

Locations 

A in 2000 
B in 2100 
C in 2200 


Action: 1. If 

2. If 

3. If 


the root is double, branch to the print-out routine at 
location 3000. 

the roots are real, branch to the print-out routine at 
location 3100. 

the roots are imaginary, branch to the print-out routine 
at location 3200. 


Write a programming fragment to do this job, assuming that B2 
and 4AC are both substantially less than full words in length. 


Solution to the example above: 


L 5, 2100 (0,0) 

MR 4, 5 
L 7, 2000 (0, 0) 

M 6, 2200 (0,0) 


Puts B into general register 5. 
Puts B^ into R4 and R5. 

Puts A into R7. 

Puts AC into R6 and R7. 


At this point, we will act on the assumption that B^ and AC are 
much less than one word in length, ignoring R4 and R6. 

AR 7, 7 Puts 2AC into R7. 

AR 7, 7 Puts 4AC into R7. 

SR 5, 7 Puts B2 - 4AC into R5. Also 

the Condition Code (regardless of the values it has assumed as a result 

of the earlier arithmetic operations) will now have a value reflecting the 
sign of B2 - 4AC. We are assuming that no overflow is possible. 
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UNIT 4. 


Lesson 20 


BC 8, 3000 (0, 0) 
BC 2, 3100 (0,0) 
BCR 4, 3 


Branch to location 3000 if root is 
double (Mask Ml is IOOO2). 

Branch to location 3100 if roots are 
real (Mask Mi is OOIO2). 

(Contents of R3 must equal 3200) 

Branch to location 3200 if roots are 
complex. 

Note: As an alternative to this instruc- 
tion we could have used: 

BC 4, 3200 (0, 0) 

Then, R3 would not have to be used at 
all. There was no advantage in using 
BCR in this case except to illustrate 
its use. In some cases, it is more 
advantageous to use BCR; in others, 

BC is better. 
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UNIT 4. 


Lesson 21 


Compare Instruction: Just as with the branching instructions, Compare 
may be in either RR or RX format. This instruction causes no change 
in the operands, but the Condition Code changes depending on the result 
of the comparison. 

RR format: 

COMPARE: 19/CR Rj, R 2 

RX format: 

COMPARE: 59/C Ri, D 2 (X2,B2) 

The first operand (in the general register specified by Rj) is com¬ 
pared with the second operand (for CR, from the general register speci¬ 
fied by R 2 ; for C, from general storage as specified by D 2 , X 2 , and B 2 
in the usual way). The resultant Condition Code is as follows: 


Result of Comparison CC 


operands are equal 0 

first operand is low 1 

first operand is high 2 


CC will never be 3 with this instruction. 
Half-word format: 


COMPARE HALF WORD: 49/CH Ri , D 2 (X2,B2) 

The first operand is compared with the half word second operand 
(expanded to a full word as discussed on page 39). In every other 
respect, this instruction is exactly the same as the C instruction. 


WORK AREA 


PROBLEM: 


72. 


Show the result in the CC after 
execution of the instruction 
below: 


a. 

b. 

c. 

d. 

e. 


Initial contents of registers: 
R3 = -30, R4=-40, R7= 70, 
R8=80. 

Loc. 2280=70, Loc.1640=-40, 
Loc. 1430= -30. 


CR 3, 7 
CR 4, 3 
C 7, 2200 (0, 8) 
C 3, 1600 (4,8) 
CH 3,1400 (7,4) 


Write Answers Here 


72. 


a. 


b. 


c. 


CC 


_Q_ 
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UNIT 4. 


Lesson 21 


CORRECT ANSWERS 


PROBLEM: Remarks 

72. CC 


a. 

1 

Ri is low (R3 is less than R7) 

b. 

1 

Rl is low (R4 is less than -- 
more negative than -- R3) 

c. 

0 

Operands are equal (since the 
contents of 2280 are also 70) 

d. 

2 

Rl is low (R3 is greater than -- 

less negative than-contents 

of location 1640) 

e. 

0 

Operands are equal (since the 
contents of location 1430 are 
also -30) 


Note that locations 2280 and 1640 lie in full word boundaries 
and that location 1430 lies on a half word boundary. 

Also note that contents of base registers or index registers may 
be negative (in which case their effect will be to decrease, rather than 
to increase, what the address would otherwise be). 
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UNIT 4. 


Lesson 22 


Branch on Count: As before, this instruction can be either an RR type 
or an RX type. Both types will be shown below. 

The RR format: 

BRANCH ON COUNT: 06/BCTR Rj , R 2 

The general register specified by R^ is decremented by 1. If the 
result is zero, no branching occurs and the following instruction is 
taken in its normal sequence. If the register has not yet been decre¬ 
mented to zero, then branching occurs with the branching address being 
given by the contents of the general register referenced by R2 . If R2 
should reference the same general register as Ri , the branching address 
is determined before the decrementing. There is no change in the Con¬ 
dition Code. 

The RX format: 

BRANCH ON COUNT: 46/BCT Ri , D 2 {X 2 , B 2 ) 

This is identical to the instruction above except that the brctnching 
address is given by the address D2 as augmented by the contents of the 
general registers referenced by X2 and B2. When either (or both) X2 
and B2 equals zero, that register reference does not take place; it does 
not refer to RO.* If X2 and/or B2 references the same general register 
as Ri , the branching address is determined before the decrementing. 

There is no change in the Condition Code. 

Example: There are 100 numbers in a list starting at location 1000. 

Each number is a half-word. There is a similar list of half-word num¬ 
bers starting at location 1200. We want the sum of the numbers and the 
sum of the squares of the numbers from each list. We also want the 
sum of the "cross-products” of the two lists (first item x first item + 
second item x second item, etc. ). 

Sums are to be stored as follows: 

1. Sum of first list - 1400 4. Sum of squares of second list-1412 

2. Sum of squares of 1st list-1404 5. Sum of cross-products - 1416 

3. Sum of second list - 1408 

These sums are to occupy full word locations. Assume that the 
quantity 100 is in R15 and all other registers are filled with zeros. 

Start program at loc. 1500. The solution to the example may be found 
on the following page. 

'J^True of all RX instructions. 


WORK AREA 

PROBLEM: 

73. Find the sum of 100 full word numbers located in 2000-2396. 

If overflow occurs, branch to an error routine located at 3000; 
otherwise store the answer in location 2400. 

Work out the solution to this little problem on scratch paper 
before turning the page. When you have finished, compare your answ<er 
with the answer given on the following page. 

Assume that your program starts at location 2500 and that 
original contents of R9=200. 
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UNIT 4. 


Lesson 22 


CORRECT ANSWER 
to Problem 73: 

Starting location: 2500 

A 8, 1996 (9, 9) Last word of list 
to R8 (then next- 
to-last, etc. ). 

BC OOOI 2 , 3000 (0, 0) Branch to 
error routine if 
overflow. 

BCTR 9, 0 Count R9 down one 
without branching. 

BCT 9, 2500 (0, 0) Count R9 down 

one with branching. 

ST 8, 2400 (0, 0) Store answer. 


You undoubtedly chose different 
registers to solve your problem, 
but the basic sequence of opera¬ 
tions should be much the same as 
the answer shown. 


Note: Experienced programmers 
will recognize the resemblance of 
these BCT and BCTR instructions 
to the Indexed Jump instruction used 
with some other computers. 


CORRECT ANSWER 
_ to Example: _ 

Starting location: 1500 

LH 3, 0998 (15, 15) last 1/2 word 

of 1st list to 
R3 (then next- 
to-last, etc. ) 


LH 5, 1198 (15, 15) 

AR 10,3 

AR 11,5 

LR 7,3 
MR 6,7 

AR 12,7 

MR 2,5 

AR 13,3 
MR 4,5 
AR 14,5 

BCT 15, 1500(0,0) 
ST 10, 1400 (0, 0) 
ST 12, 1404 (0, 0) 
ST 11, 1408 (0, 0) 
ST 14, 1412 (0, 0) 
ST 13, 1416 (0,0) 


last 1/2 word 
of 2nd list to 
R5 (then next- 
to-last, etc. ) 

cumulate sum 
of 1st list to 
RIO 

cumulate sum 
of 2nd list to 
Rll 

1 st word dup¬ 
licated 

1 st word squared 
in Even and Odd 
Registers (EOR) 
6,7 

cumulate sum of 
squares of 1st 
list in R12 

cross product in 
Even and Odd 
Registers (EOR) 
2,3 

cumulate cross 
product in R13 

2 nd word squared 
in EOR 4, 5 

cumulate squares 
of 2nd list in R14 

repeat \mtil list 
exhausted 

store sum of num¬ 
bers of 1st list. 

store sum of 
squares of 1st list. 

store sum of num¬ 
bers of 2nd list. 

store sum of 
squares of 2nd list. 

store sum of cross 
products. 



UNIT 4 QUIZ 


WORK AREA 


PROBLEMS: 

74. a. In the 360, the area used to 

keep track of the address of 
instructions is called- 

b. What is the size of this area? 

75. To determine whether branching 
should occur with a Branch on 
Condition instruction, what two 
areas are compared? 

76. If Ml contains the following bits, 
what will be the result of a 
Branch on Condition? 

a. 0000 

b. 1111 

77. What will the CC contain if the sum 
of an ADD instruction is: 

a. = 0 

b. < 0 

c. >0 

d. an overflow 

78. Instruction: LTR 4, 8 
Initial contents: 

R4=140, R8=:-20 

a. What will execution of this 
instruction do to the CC? 

b. Show the final contents of both 
registers after execution. 

79. Write the necessary instructions to 
solve the following problem: 

There are 50 full word numbers 
starting at storage location 1048. 
We need to know the number of 
negative and non-negative numbers. 
Store the results in Rll and R12. 


Write Answers Here 

74. 

a. 

b. 

75. 

a. 

b. _ 

76. 

a. _ 

b. _ 

77. 

a. _ 

b. _ 

c. _ 

d. _ 

78. 

a. 

b. R4 =_ 

R8 = _ 

79. 

Use scratch paper to 
solve this problem be¬ 
fore turning to the next 
page to check the correct 
answer. 

You may 

to determine branch addresses. 


Assume the following initial register 
contents: 

R1 = 100,R2=1, R3=50, R4 through R15 = 0. 

Assume that the routine starts at storage location 2000. 
have to keep track of instruction lengths 
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UNIT 4 QUIZ 


CORRECT ANSWERS 


PROBLEMS: 

Remarks 

74. 

a. 

Program Status Word (PSW) 



b. 

two full words (64 bits) 

Refer to page 49. 

75. 

a. 

Mask in the instruction 



b. 

the C. C. in the PSW 

Refer to page 51. 

76. 

a. 

no branch (no-operation instruc. ) 



b. 

\anconditional branch 

Refer to page 53. 

77. 

a. 

0 



b. 

1 



c. 

2 



d. 

3 

Refer to page 54. 

78. 

a. 

change to 1 (< 0) 



b. 

R4 = -20 

R8 = -20 

Refer to page 57. 

79. 

Op 

Instructions 



c 

5, 1044 (1, 1) 

Test list member (modi- 




fied twice by Rl) 


BC 

4, 2010 (0, 0) 

If negative, branch around 




next instruction 


AR 

12, 2 

Add 1 to tally of non-nega¬ 




tive numbers 


SR 

1. 2 

Subtract 1 from Rl (an addi¬ 




tional decrement is 
needed) 


BCT 

’ 1, 2000 

Decrement Rl and return to 




start (until all list mem¬ 
bers tested) 


SR 

3, 12 

Compute numbers of negative 




numbers 


LR 

11. 3 

Load result into Rll 


Note: In this solution, it was necessary to keep track of the instruction 

addresses in order to determine the branch address for the Branch on 
Condition instruction. This was done as follows: 

Instruction Format Length Address 


c 

RX 

4 bytes 

2000 

BC 

RX 

4 bytes 

2004 

AR 

RR 

2 bytes 

2006 

SR 

RR 

2 bytes 

2010 


66 




UNIT 5. 


Lesson 23 


The RS Format: The RR format instructions work with two operands 
located in two of the general registers. The RX format instructions 
work with two operands, one from the general registers and the other 
from main storage. The RS format instructions have the capability of 
working with three operands, two of which come from the general regis¬ 
ters and the other from main storage. Although the RS format instruc¬ 
tions have this capability, they do not all use it. Some RS type instruc¬ 
tions work with only two operands. 

RS instruction format: 


Op. Code 

_ 1 

Ri 

_!_ 1 

R3 B 2 

_f_1_IJ 

D 2 

_ Z _ 1 





m 








a 




'01234567 

8 9 10 11 

12 13 14 15^16 17 18 19 

20 21 22 23 24 25 26 27 28 29 30 31' 


The RS instruction occupies one full word (32 bits) as shown 
above. It appears to be similar to the RX format instruction, with R 3 
designating the general register for the third operand. This replaces 
X 2 of the RX format, which designated an additional index or offset 
register for the second operand. 

Do not confuse these two formats-they perform entirely different 

functions. 

Ri , R 3 and B 2 refer to general registers, while D 2 refers to a 
specific storage address. The address (D 2 ) may be modified by the 
contents of the general register designated by B 2 . 

Usual instruction format is: 

RS type Op. Code-- Ri , R 3 , D 2 (B 2 ) 

If the third operand is not used: 

RS type Op. Code -- Ri , D 2 {B 2 ) 

As you can see, even if only two operands are used, the format is 
unique, except that the RX instruction may have the same appearance if 
only one of the two modifiers {X 2 , B 2 ) is used. 


WORK AREA 


PROBLEMS: 

80. Identify the instruction format in the 
following: 

a. Op. Code -- 6 , 9 

b. Op. Code -- 4, 2000 (0,0) 

c. Op. Code -- 3. 4, 1200 ( 6 ) 

d. Op. Code -- 2, 1600 (4) 

e. Op. Code -- 3, 22 (4,5) 


Write Answers Here 


80. 


a. 

b. 

c. 

d. 

e. 






jLi_ 
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UNIT 5. 


Lesson 23 


CORRECT ANSWERS 

PROBLEM: Remarks 


80. a. 

RR format 

Referencing two general registers 
Op - Ri , R 2 

b. 

RX format 

Op - Ri , D 2 (X 2 , B 2 ) 

c. 

RS format 

Op - Ri, R 3 , D 2 (B 2 ) 

d. 

RS format 

Second type, without third 
operand, Op - Ri , D 2 {B 2 ) 
could also be RX format -- 
Op - Ri , D 2 (X 2 ), if B 2 is 
indicated by a zero. 

e. 

RX format 

Same as (b) above 
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UNIT 5. 


Lesson 24 


Load and Store Multiple: These instructions have the effect of loading 
data into the general registers or storing data from the general registers 
into general storage. 

LOAD MULTIPLE: 98/LM Ri , R 3 , D 2 (B 2 ) 

The general registers to be loaded are specified by Rj through R 3 
(inclusive). The address D 2 (as modified by the general register desig¬ 
nated by B 2 ) specifies the area in general storage from which the data 
is procured. The byte where the data starts is specified and data will 
be taken as needed to load the specified registers. There is no change 
in the Condition Code. 

STORE MULTIPLE: 90/STM Ri , R 3 , D 2 (B 2 ) 

The general registers from which storing will occur are specified by 
Ri through R 3 (inclusive). The address D 2 (as modified by the general 
register designated by B 2 ) specifies the area in general storage into 
which the data is stored. Here again, the byte where the data starts 
storing is specified and data will be sent until all of the data in the gen¬ 
eral registers specified by Ri through R 3 has been stored. There is no 
change in the Condition Code. 

Note : For both instructions data must lie on a full word boundary. 
Examples: 

1. LM 2, 6 , 2100 ( 8 ) contents of R 8 = 100 

Starting with general storage location 2200 (2100 + 100), data 
will be loaded into general registers R2, R3, R4, R5 and R 6 . 

2. STM 2, 6 , 2100 ( 8 ) contents as above. 

Data will be stored into general storage, starting at location 
2200, from R2 through R 6 . 


WORK AREA 


PROBLEMS: 


Write Answers Here 

81. Indicate the general registers to be 

81. 




loaded. 


a. 

_ ^ 


a. LM 3, 3, 2100 (4) 





b. LM 7, 3, 2100 (0) 


b. 

7 

> ^ \0 : 

82. Indicate the general registers from 

82. 




which data will be stored. 


a. 



a. STM 9, 9, 2200 (12) 





b. STM 4, 3, 2200 (0) 


b. 


-ir ^ ^ 
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UNIT 5. 


Lesson 24 


CORRECT ANSWERS 


PROBLEMS: 


Remarks 


81. a. R3 only 


Since from R^ to R^^ is inclusive, 
one word is transmitted if they 
are the same. 


b. 7 through 15 and 

0 through 3 


This illustrates the circular 
continuity of these instructions, 
always in the upward direction, 
the only registers not affected 
are R4, R5 and R6. 


82. 

a. 

R9 only 

Only one word is transmitted. 


b. 

All registers used 

Clear around the cycle of gen¬ 




eral registers starting with R4 




and ending with R3. 
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UNIT 5. 


Lesson 25 


Branch on Index (high, low, or equal): \ , ^ 

BRANCH ON INDEX HIGH: 86/BXH Ri , R 3 , D 2 (B 2 ) 

BRANCH ON INDEX LOW OR EQUAL: 87/BXLE Ri , R 3 , D 2 (B 2 ) 


The contents of the register specified by Ri has added to it the con¬ 
tents of the register specified by R3 . The resultant sum is the new 
value of Ri which is compared with the number in R3 odd. (let us call 
this number the comparand). 

In the BXH instruction, if the sum is greater than the comparand, the 
branch is taken. In the BXLE instruction, if the sum is less than or 
equal to the comparand, the branch is taken. 

If the branch is taken, the branch address will be D 2 > incremented by 
the contents of B 2 . As with the Branch on Count instruction, if B 2 should 
reference the same general register as Ri , the branching address is de¬ 
termined before the register is incremented. Note that when Ri = 0 it 
references RO, but when B 2 = 0, RO is not referenced and D 2 is not 
modified. 

If R 3 is even, then R 3 odd is the next higher register. In this case the 
increment and comperand are in successive registers. If R3 is odd, then 
the instruction specifies the same register for both the increment and the 
comparand. There is no change in the Condition Code. 


Examples: 

1. BXH 2, 4, 1600 ( 6 ) 


Initial contents of registers: R2=30, 
R3=10, R4=20, R5=40, R6=200 


30 (R2) + 20 {R4) = 50; compared with 40 (R5 is R 3 odd); comparison 
is high, therefore branch to 1600 (D 2 ) + 200 {R 6 ) = 1800 in general storage. 


2. BXLE 4, 2, 1600 (5) Initial contents as above: 

20 (R4) + 30 (R2) = 50 compared with 10 (R3 is R 3 odd); comparison is 
high, therefore no branching occurs (branch only if sum is low or equal to 
comparand). 


WORK AREA 


PROBLEMS: 


83. Indicate the increment and the compar¬ 
and in each of the following: 

a. BXH 5, 3, 1400 (0) 

b. BXLE 4, 6 , 1400 (0) 

84. Assume a long list of full word numbers 
starting at location 40, 000. Find the sum 
of 100 numbers taking every tenth number 
(40, 000; 40, 040; 40, 080; etc. ) If, at any 
point (as the addition proceeds) there is 
overflow, branch to an error printout at 
location 6000. If no overflow, place the 
sum in location 7000 and branch to answer 
printout at location 7004. Write the neces 
sary instructions. 


p3. Incr. Compar. 


Write Answers Here 


a. 

b. 




184. Write your answer 
on scratch paper. 
Assume: 

R3 = 4096 
R4 = 40 
R5 = 43996 
R 6 = 40000 
All other registers = 
Program starts at 
Location 5000. 





UNIT 5. 


Lesson 25 


CORRECT ANSWERS 


PROBLEMS: 

83, Incr. Compar . 

a. R3 R3 

b. R 6 R7 

84. A 7, 0 ( 6 , 0) 

BC 1, 1904 (0, 3) 

BXLE 6 , 4, 904 (3) 

ST 7, 2904 (0, 3) 

BC 15,2908 (0,3) 


Remarks 

Increment and comparand are 
the same. Hence, Branch will 
be taken only when the increment¬ 
ed register (R5) has (prior to this 
instruction) become greater thsui 
zero. 


The first number is added to 
R7, which will contain the sum. 

Mj = 1 This is appropriate 
mask for overflow branch to 
6000 (1904 + R3). 

R 6 will be incremented by 40 
bytes each time and as long as 
index is low or equal (to R 3 odd-- 
which is R5 =43996), the branch 
will be taken back to location 5000 
(904 + R3). 

Store answer in location 7000 
(2904 + R3). 

Branch unconditionally (Mi = 15) 
to location 7008. 


Additional Note: Should R 3 odd (the comparand) refer to the same 
general register as Ri, the original contents of the register (before the 
sum is formed) will constitute the comparand. 

Example: BXH 5, 4, 1600 (0) 

In this case R 3 odd is R5 which is the same as Ri . The original 
contents of R5 will be the comparand (as it should be). The result of 
such a comparison would always be high if the increment were positive; 
low if the increment were negative and equal if the increment were zero. 


72 



UNIT 5. 


Lesson 26 


Arithmetic Shifts: There are four types of arithmetic shifts; right, left, 
single, and double. Logical shifts will be discussed later. The arith¬ 
metic shift instructions are RS type, but do not use the R 3 field. D 2 in 
these instructions refers to an amount and does not have the significance 
of being an address. 


Shifting to the left: 

shifted out 
and lost 






zero enters the 


J-1-1—u 


___jr 

, ^ ^ ^ I I I I I I I fO low-order position 

sign bit remains untouched each position is shifted to the left 


Shifting to the right: 

_ 

^l--» III t I I_ I_I_I_ L- 

v^sign bit stays in place 

and also shifts to the right 

SHIFT LEFT (SINGLE)-ARITHMETIC: 8 B/SLA Ri , D 2 {B 2 ) 

The operand to be shifted is in the general register specified by Ri . 
The amount D 2 is modified by the contents of the general register speci¬ 
fied by B 2 , and will be the number of bits (not bytes) by which the operand 
will be shifted. Only the low order six bits of the amount are considered 
(since six bits can specify an amount up to 63, no more is ever needed -- 
even in the double shifts which will be discussed in the next lesson). 

The sign bit remains unchanged and does not participate in the shift. 
The data bits are shifted left the appropriate number of bits as described 
above. Zeros are shifted into the low order vacated positions. Overflow 
can occur if the most significant data bit (which is unlike the sign bit) is 
shifted out of position 1. After execution, the C.C. can be 0, 1, 2, or 3, 
reflecting the result of the shift. 


shifted out 
and lost 


T2 


J—J_l_l- 


each position is shifted to the right 


Examples: 

1. SLA 2, 3 (0) 


Before shift 




4 + 2=6 


Assume that R2 contained +6 before the shift . 
It will be shifted left 3 bit positions and will 
contain +48. C.C. will be 2 (result positive). 


After shift 


32 + 16 = 48 


2. SLA 5, 0 (15) R5 will be shifted left the number of bit posi¬ 

tions as given by R15 (this is indirect speci¬ 
fication). If R15 contained 2, then R5 would 
be shifted left 2 bit positions. 


PROBLEMS: 


Write Answers Here 


85. What will Rj contain after execution 
of the following shift instructions ? 

Initial contents of registers: R 6 = 4, 
R7 = 8 , R 8 = -12__ 


85. 

a. 


b. 


a. 

SLA 

6 . 

2 ( 0 ) 

c 

b. 

SLA 

8 . 

0 ( 6 ) 


c. 

SLA 

7, 

3 (7) 










UNIT 5. 


Lesson 26 


CORRECT ANSWERS 


PROBLEMS: 


Remarks 


85. 


a. 16 


Before shift: 


0 |0 = 4 

31 


After Shift (over 2 bits): 


0 




= 16 


31 


b. -192 


Before shift: 


0 1 




31 


= -12 


After shift (over 4 bits) 

MS 


1 




0 


0 1 


31 


= -192 


c. 16384 


Before shift: 


E 


0 



31 


After shift (over 11 bits): 


0 

0 

0 

0 C 

0 

0 

0 

0 

0 

0 

0 


= 8 


= 16384 


For positive or negative numbers an arithmetic left shift of n bit 
positions is equivalent to multiplication by . if this should exceed the 
register capacity, high order bit (or bits) will be lost and the C. C. will 
indicate overflow. 

Note: In all of the Shift instructions, a zero for B 2 indicates that there 
will be no modification of the shift amount. It does not mean modifica¬ 
tion by RO. 
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UNIT 5. 


Lesson 27 


SHIFT RIGHT (SINGLE)-ARITHMETIC: This instruction works in the 
opposite direction from the Shift Left instruction, with some additional 
differences. For example, in the Shift Left instruction, the low-order 
portion of the register from which bits are shifted is filled with zeros. 

In the Shift Right instruction, the high-order positions from which bits 
are shifted are filled with replicas of the sign bit (which also remains in 
the sign bit position). 


Example: 


Before shift 


n 

B 

B 

B 

B 

Bi 


m 

B 

BD 

B 

n 


31 


If it is to be shifted 4 bits: 
after shift 



0 31 


sign bit shifted 
right 4 positions 


(additional diagramming is shown on page 77) 


the original 
low-order 4 
bits are lost 


SHIFT RIGHT (single)-Arithmetic: 8A/SRA Rj , D 2 (B 2 ) 

This instruction is similar to the SHIFT LEFT (single) in that the 
operand to be shifted is in the general register specified by Ri . The 
amount D 2 , modified by the contents of the general register specified by 
B 2 , will be the number of bits to be shifted. Bits shifted right from 
position 31 will be lost. 

An arithmetic right shift of n bit positions is equivalent to division 
by 2 , with the quotient retained and the remainder discarded. The dis¬ 
card of the remainder (or truncation) is of such a nature that a fractional 
part of a positive number is truncated, or rounded, to zero, while the 
fractional part of a negative number is trimcated, or rounded, to one. 

Note: Positive numbers are made less positive while negative numbers 

are made more negative. People used to l*s complement arithmetic 
wherein truncation is toward zero for both positive and negative numbers 
should note this significant difference. (The CC will be 0, 1, or 2, re¬ 
flecting the result of the shift.) 


WORK AREA 

PROBLEMS: 

86 . Which register contains the data to be 
shifted and how many bit positions are 
to shift? _ 

Initial contents of registers: 

R6=4, R7 = 8, R8=12. 

a. SRA 6, 2 (0) 

b. SRA 8, 0 (6) 

c. SRA 7, 3 (7) 


87. In problem 86, what number will be in 
the designated general register after 
execution of the instruction? Show the 
sign (+ or -) 


Write Answers Here 

86 . 

a. 


b. 


c. 


87. 

a. 

b. 

c. 
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UNIT 5. 


Lesson 27 


CORRECT ANSWERS 


PROBLEMS : 


Remarks 


00 

a. 

R6, 

2 

If your answers do not coincide 


b. 

c. 

R8, 

R7, 

4 

11 

with these answers, please review 
the previous page. 

87. 

a. 

+ 1 


Before execution - R6: 

oi*4-k-H-fo ilo 0 


0 31 


After execution - shift right 2 bits 



” 

Z 

] f 

z; 


0 

0 

\2 j 

□ 

tij 

1> L 

□ 

tiij 


0 31 


b. -1 


Before execution - R8: 

h- 


-i 


0 


0 


0 31 

After execution - shift right 4 bits 




31 


these become "data" bits 
(see Note on previous page) 


c. +0 


Before execution - R7: 


0 0 






0 31 

After execution - shift right 11 bits 


lo 

0 

0 

~ 0 . 



n In 

llJ 

LZ 

ti U 


U |U 


0 31 


Note that the original value of R7 is 
used in computing the amount of 
shift. 
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UNIT 5. 


Lesson 28 


Shift (double) - Arithmetic: The double arithmetic shift is much like the 
single shifts covered in the previous lessons with the exception that a 
two word operand is shifted from Ri even and Ri odd. With these in¬ 
structions, Ri even must be an even numbered general register (R2, R4, 
R6, etc. ). 


SHIFT LEFT DOUBLE-ARITHMETIC: 8F/SLDA Ri, D 2 (B 2 ) 


ou 

and 

lost 


‘ | s | I I I 


Ri even 


»V- K. 

^ Sign bit 




1 ^ . I . 1 .. .LlglTl 


Ri odd 


31 0 \ 


n~m ° 


31 


the ”sign bit*’ in Ri odd is merely 
a data bit in the double length 
operand. 


The high order bits of Ri odd shift into the low order positions of 
Ri even. In all other respects SLDA is the same as SLA; the number 
of bits to be shifted is indicated by D 2 as modified by B 2 . The high order 
data bits of Rj even shift out of the register and are lost. 


SHIFT RIGHT DOUBLE-ARITHMETIC: 8E/SRDA Ri , D 2 {B 2 ) 


ZZi ^ 


Or 

1 : 1, [ S I.. 


31 0 


•the sign bit both remains 
and is shifted right. 


R, odd Arvr>out 

I - i rm~l and 

lost 

31 

this bit functions as 
a data bit. 


As indicated in the diagram above, this is the opposite of the SLDA 
instruction. The low order bits of Ri even shift into the high order posi¬ 
tions of Ri odd. In all other respects SRDA is the same as SRA. The 
number of bits to be shifted is indicated by D2 as modified by B 2 . The 
low order bits of Ri odd shift out of the register and are lost. The result¬ 
ing CC will be 0, 1, 2, or 3 for SLDA; 0, 1, or 2, for SRDA. 


PROBLEMS: 


WORK AREA 

Write Answers Here 


88 . Which registers contain the data to be 
shifted and how many bit positions 
are to shift? 


a. 

b. 

c. 

d. 

89 . In problem 89, what number will be 
in the designated general register 
after execution of the instruction. 
Show the sign {+ or -) 


Initial contents of registers: R3=2, 
R4 and R5 = -13, R6 and R7 = 3, 

R9 = 4. _ 

SLDA 6, 4 (3) 

SLDA 4, 0 (0) 

SRDA 4, 0 (9) 

SRDA 6, 6 (3) 


88 . 

a. 

b. 

c. 

d. 

89. 


a. 

b. 


c. 


d. 
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UNIT 5. 


Lesson 28 


CORRECT ANSWERS 


PROBLEMS: 


Remarks 


88 . a. R6, R7 
shift 6 

b. R4, R5 
shift 0 


c. R4, R5 
shift 4 

d. R6, R7 
shift 8 


89. a. 192 

b. -13 

c. -1 

d. 0 


A shift of zero is a convenient way to 
test a double length number. The CC 
will indicate zero, less than zero, or 
greater than zero. 


See remarks above. 

Shifting right ’’all the way*’ makes 
positive numbers zero and negative 
numbers -T. (you will recall that 
truncation tends to make negative 
numbers more negative) 

’’All the way” would be from 31 to 63 
places for a single register shift, or 
63 places for a double register shift. 
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SUMMARY OF INSTRUCTIONS 


I, RR Instructions: (general format: Op - Ri, R 2 ) 


Action 
(contents 
of ...) 


Title 

Op. 

Code 

LOAD 

18/LR 

LOAD 

POSITIVE 

10/LPR 

LOAD 

NEGATIVE 

11/LNR 

LOAD 

COMPLEMENT 

13/LCR 

ADD 

lA/AR 

SUBTRACT 

IB/SR 

MULTIPLY 

1C/MR 

DIVIDE 

ID/DR 

BRANCH ON 
CONDITION 

07/BCR 

LOAD AND 
TEST 

12/LTR 

COMPARE 

19 /CR 

BRANCH ON 
COUNT 

06 / 

BCTR 



R2 ^ddenc^ 
added to 
Ri (augend) 



compared 
to CC 


into Ri 


Ri com¬ 
pared to 
R2 


Rj decre¬ 
mented by 
1. Branch¬ 
ing address 
in R2 




Comments 

Page 

Ref. 

Sign does not change 
under any circumstance 

9 

Whether + or -, always 
ends up +. 

11 

Whether + or -, always 
ends up -. 

11 

Always complemented 
regardless of sign. 

12 

Sum will be in Rj 

17 

Difference will be in Ri 

18 

Ri even is always 
named in the instruc¬ 
tion even though the 
m*cand is in Ri odd. 
Product will be in both I 
R 1 even and Ri odd. 

23 

Quotient will be in Ri 
odd. Remainder will 
be in Ri even. 

25 

Branching address in 
! R 2 . Branch if equal 

51 

Tests R 2 and changes 
CC accordingly 

57 

; Changes CC according 
i to result of comparison 

61 

5 No branching if zero 
; after decrement. 

i _, 

63 
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II. RX (full word) Instructions: (general format: Op-Rj ,D2 (X2, B2) 


LOAD 

58/L 

2nd oper- 


full word-addressed by 




and load- 


leftmost byte (which is 

33 



ed into 

1st oper- 
cind 

■ 

divisible by 4) 


STORE 

50/ST 

1st oper- 


as above - 2nd operand 




and stored 


developed from D 2 + X 2 

33 



into 2nd 
operand 


+ B2 


ADD 

5A/A 

D2(X2,B2) 
addend 
added to Ri 
(augend) 

1 

as above - sum in Ri 

35 

SUBTRACT 

5B/S 

D2 (X2 , B2) 

a 

CU 

as above - difference 

35 



subtrahend 

(i 

will be in Ri 




subtracted 

(i 





from Ri 

u 





(minuend) 

<0 

QO 



MULTIPLY 

5C/M 

Ri odd 

(i 

as above - product will 




(m'cand) 

m 

be in Rieven (hi-order 

37 



multiplied 


portion) and Ri odd (low- 




by D2(X2,B2) 

CO 

order portion) 




(m*plier). 




DIVIDE 

5D/D 

Rl even & 

u 

as above - quotient will 




odd (divi¬ 


be in Ri odd, remainder 

37 



dend) is 

u 

<D 

in Rl even. 




divided by 

d 

0 





02 (X2,B2) 
(divisor) 

00 



BRANCH ON 

47/BC 

Mask (Ml) 


Branching address in 


CONDITION 

compared 
to CC 


D 2 (X 2 .B 2 ) 

51 


COMPARE 

59 /C 

Rl com¬ 


Changes CC according 




pared with 
storage loc. 
D2(X2,B2) 


to result of comparison 

61 

BRANCH ON 

46/ 

BCT 

Rl decre¬ 


No branching if zero 

63 

COUNT 

mented by 1, 
Branching 
address in 

O 2 (X 2 , B 2 ) 

■ 

after decrement. 




III. RX (half word) Instructions: (general format: Op - Rj D2 (X2, B2)) 


Title 

Op. 

Code 

Action 
(contents 
of. . .) 

Sign 

(•becomes) 

Comments 

Page 

Ref. 

LOAD 
(half word) 

48/LH 

2nd oper¬ 
and load¬ 
ed into 1st 
operand 

■ 

half word - addressed 
by leftmost byte -which 
is divisible by 2. 

39 

STORE 
(half word) 

40/STH 

1st oper¬ 
and stored 
into 2nd 
operand 

B 

as above 

40 

ADD 

(half word) 

4A/AH 

D 2 (X 2 , B 2 ) 
(addend) 
added to 

Rl (augend) 


as above - sum will be 
in Rj 

41 

SUBTRACT 
(half word) 

4B/SH 

D2(X2, B 2 ) 
subtrahend 
subtracted 
from Rl 
(minuend) 

1 1 rules 
e b r a a p 

as above - difference 
will be in Ri 

41 

MULTIPLY 
(half word) 

4C/MH 

Rl (mulf- 
cand) mul¬ 
tiplied by 

D2 (X2,B2) 
(multiplier) 

G e n e r e 
alg 

as above - product will 
be a single word in Ri 
- original multiplicand 
will be lost. 

43 

COMPARE 
(half word) 

49 /CH 

R compar, 
with 1/2 
word in 
storage 


Changes CC according 
to result of comparison 

61 
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IV. RS Instructions (general format: Op - Ri, R3, D2 (B 2 ). Op.-RiD 2 (B 2 )) 


Title 

Op. 

Code 

Action 

(contents 

of. . . ) 

Sign 

(—►becomes) 

Comments 

Page 

Ref. 

LOAD 

MULTIPLE 

98/LM 

Ri through 
R 3 are 
loaded 
from 
storage 

11 

Data comes from 
address D 2 (B 2 ) 

69 

STORE 

MULTIPLE 

90/STM 

Data 

moved Ri 
through 

R 3 into 
storage 


Address where storing 
will take place indi¬ 
cated by D 2 (B 2 ) 

69 

BRANCH ON 
INDEX (high) 

86 /BXH 

Riadded 
to R 3 sum 
compar. 
to R 3 odd 


If sum is greater than 
R 3 odd - brainch to 

D 2 (B 2 ) 

■ 

BR. ON 
INDEX {low 
or equal) 

87/ 

BXLE 

Riadded 
to R 3 sum 
compar. 
to R 3 odd 

If sum is less or equal 
branch to D 2 (B 2 ) 

71 

SHIFT LEFT 
(single) 
ARITHMETIC 

8 B/SLA 

R 1 shifted 
to the left 


D 2 (B 2 ) specifies the 
number of bits to be 
shifted. 

73 

SHIFT RIGHT 
(single) 
ARITHMETIC 

8 A/SRA 

R 1 shifted 
to the right 


Amovint to be shifted 
is specified by 

D 2 (B 2 ) 

75 

SHIFT LEFT 
(double) 
ARITHMETIC 

8 F/ 

SLDA 

Ri even & 
odd shifted 
to the left 


Uses two registers, 

Ri even and Ri odd. 
Number of bits to be 
shifted indicated by 

D 2 (B 2 ) 

77 

SHIFT RIGHT 
(double) 
ARITHMETIC 

8 E/ 

SRDA 

Ri even & 
odd shifted 
to the right 


Uses two registers, 

Ri even and Ri odd. 
Number of bits to be 
shifted indicated by 

D2 {B2) 

77 
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UNIT 5 QUIZ 


WORK AREA 


PROBLEMS: 

90. What is the major feature that differ¬ 
entiates the RS format from the RR 
and RX formats ? 



91 . Indicate the general registers to be 
loaded. 

a. LM 4, 13, 200 (5) 

b. LM 13, 4, 3000 (0) 

92 . Indicate the general registers from 
which Storing will occur? 

a. STM 4, 6, 4000 (6) 

b. STM 6, 6, 2000 (4) 


93 . In problem 93, data will be stored 
starting at what address? 

94 . a. Write a single instruction to do 

the following (leave blanks where 
information is unknown): 

Add R3 to R4 and branch if the 
sum is greater than R5. 

b. Will the program branch after 
execution? 


95 . Instruction: BXLE 4, 4, 2000 (6) 

a. Will the branch be taken? 

b. What is the branching address? 

96 . Instruction: SLA 2, 4 (0) 

a. How many bit positions will be 
shifted? 

b. What will R2 contain after 
execution? 

97 . Instruction: SRA 3, 2 (0) 

a. How many bit positions will be 
shifted? 

b. What will R3 contain after 

execution ? 


Write Answers Here 

90. _ 

91 . 

a. 

b. _ 

92 . 

a. _ 

b. _ 

93 . a. _ 

b. _ 

94 . 

a. _ 

b. _ 

95. 

a. _ 

b. _ 

96. 

a. _ 

b. _ 

97. 

a. _ 

b. 




UNIT 5 QUIZ 
continued 


PROBLEMS: 


98. Which registers contain the data to 
be shifted in the following instruc¬ 
tions ? 

a. SLDA 2, 4 (5) 

b. SRDA 4, 6 (2) 

99 . Program the following partial 
problem: 

A product is in R14 and R15. We 
know that it is too bit (+ or -). It 
must be right shifted until it is 
contained (sign and data bits) in 
R15 only. 

The amount of shift required to 
place the entire product into R15 
must be placed in R1 to be used by 
subsequent "sizing" shift instruc¬ 
tions. 

Assume: RIO = 1 
Rll = -1 
R1 =0 

Program starts at address 1000. 


100, In the problem above, could the 
amount of shift have been refer¬ 
enced”^ subsequent shift instruc¬ 
tions if placed in RO? Why? 


Write Answers Here 

98. 

a. _ 

b. _ 

99 . Program : 

1000 : _ 

1001 : 


100 . 
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UNIT 5 QUIZ 


CORRECT ANSWERS 


PROBLEMS 


90. 

Works with 3 
operands. 

Page 67 

99. 

Program: 

91 . 

a. 

R4 through R13 
inclusive 


1000: 

LTR 14, 14 

Tests only; sets up CC 


b. 

R13, 14, 15, 

0 through 4 

Page 69 

1002: 

BC 2, 1012 (0, 0) 

if > zero, more shift 
needed 

92 . 

a. 

b. 

R4 through R6 
r 6 only 

Page 69 

1006: 

CR 14, 11 

Test against -1 

93. 

a. 

b. 

4200 

3040 

Page 69 

1008: 

BC 10, 1022 (0,0) 

If > or = -1, only final 
shift is needed 


1012: SRDA 14, 1 (0) 

Double right shift of 1 

1016: AR 1, 10 

Up tally of 1 

1018: BC 15, 1000 (0, 0) 

Go back; test again 

1022: SRDA 14, 1 (0) 

Final double right shift 
of 1 

1026: AR 1, 10 

Final up tally of 1 

End of program 


100. No; because a zero in B 2 
means no indirect shift 
rather"tEan a reference to 
RO. 


94 . a. BXH 3, 4, --- (-) 
b. no (R3+R4=70) 




(R5 = 100) 

Page 71 

95. 

a. 

yes 



b. 

2200 

Page 71 

96. 

a. 

4 



b. 

320 

Page 73 

97. 

a. 

2 



b. 

7 

Page 75 

98. 

a. 

R2, R3 



b. 

R4, R5 

Page 77 
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UNIT 6. 


Lesson 29 


Decimal Data: When decimal numbers are brought into the computer, 
they are frequently converted to binary format. The arithmetic instruc¬ 
tions we have considered to this point presuppose the binary format. The 
’’decimal feature” in the System 360 provides that data may also be man¬ 
ipulated internally in decimal format (Convert to Decimal and Convert to 
Binary instructions are provided even without the decimal feature). 

The system allows two decimal formats; the ’’packed” decimal and 
the ’’zoned” decimal. As the decimal operand resides in storage, it will 
occupy from one to sixteen bytes. With decimal arithmetic instructions, 
the data are always taken from and returned to stor age. In other words, 
the general registers which we have been using thus far are not used by 
the decimal instructions. 


Packed format: 


digit 


sign 


one byte,consisting of one decimal 
digit and the sign; 


digit digit ^ ITt digit digit sign 


up to sixteen bytes, consisting of 
31 decimal digits and one sign. 


Zoned format: 


sign 


digit 


one byte, consisting of one decimal 
digit and the sign; 


zone 




zone 


digit sign 


digit 


up to sixteen bytes, consisting of 16 
decimal digits, 15 zone characters 
and one sign. 


Codes for Digits, Signs, and Zones: 

The bit configuration (code) for a decimal digit, runs from OOOO 2 
for 0, up to IOOI 2 for 9 (refer to Table 1, page 1). There are two op¬ 
tions for the sign and zone codes: 

1. American Standard Code for Information Interchange (ASCII); bit 12 

of PSW must be set to 1. 

2. Extended Binary-Coded Decimal Interchange Code (EBCDiJC); bit 12 

of PSW must be set to 0. 


The manner in which the programmer specifies the bit configuration 
of the PSW will be discussed at a later time. A Table of PSW settings is 
shown on the following page. 


WORK AREA 


PROBLEMS: 


102. 

Consider the following decimal 
to be in packed format. Indicate 

102. 

a. 





the required number of bytes in 
storage for each. 

b. 

D 




a. 27,638 

b. 1476.93273 

c. 1469 

c. 

3 








103. 

Consider the above numbers to 
be in zoned format. How many 
bytes, zones and signs for each? 

103. 

a. 

b. 

5 bytes A 
C byte s 

zone \ 

zone ^ 

_sign 

___sign 



c. 

4 byte s 

zone^j_sign 

104, 

What code is used for zone and 

104. 





sign if: 

a. 

£&C 

Dvr 



a. bit 12 of PSW is zero? 

b. bit 12 of PSW is one? 

b. 

A-.. 

1 T 



Write Answers Here 






UNIT 6. 


Lesson 29 


CORRECT ANSWERS 


PROBLEMS 


102 . a. 

3 bytes 

b. 

5 bytes 

c. 

3 bytes 


103. a. 

5 bytes 

4 

zone 

1 sign 

b. 

9 bytes 

8 

zone 

1 sign 

c. 

4 bytes 

3 

zone 

1 sign 


104. a. EBCDIC 
b. ASCII 


Remarks 


2 digits to a byte, plus the sign 



1 byte 1 byte 1 byte 


Summary of Code Conventions and Sign and Zone 
Codes for the PSW Settings 


Setting of bit 

12 of PSW 

R e suiting 
Code 

Convention 

The sign 
digit: 

The zone 
digit: 

+ 

- 

1 

Ascn 

1010 

1011 

0101 

0 

EBCDIC 

1100 

1101 

1111 
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UNIT 6. 


Lesson 30 


The SS Format : Decimal instructions (and some other instructions) use 
the SS format. This is a little more complex than the formats we have 
studied so far. The format is one and a half words long (48 bits) and is 
laid out as follows: 


as 

m 

L2 

■a 

Di 

B2 

D 2 


0 7 8 11 12 15 16 1920 31 32 35 36 47 


Description of fields: 

1 . Bi specifies a general register, the contents of which is added to the 

address Di, to get the address of the left-most (high-order) byte of 
the first operand. 

2 . B 2 and D 2 give the address of the left-most byte of the second oper¬ 

and (as described for Bj and D^ for the first operand). 

3. Li and L 2 give the number of bytes to the right of these addressed 

left-most bytes.* L^ is for the first operand and L 2 for the second 
operand. 

Examples: Li = 0 specifies a one byte first operand. 

L 2 = 15 specifies a sixteen byte second operand. 

Decimal instructions all assume that operands and results are 
packed. Two exceptions to this rule are PACK and UNPACK (these 
instructions will be discussed later in this Unit). 

Example: Assume the following SS instruction (R3 = 10, R4=6): 

Opcode-- 2200 (2, 3), 3600 (4, 4) 

(Di) (Li) (Bi) (D 2 ) {L2)(B2) 

Left-most byte of first operand = 2210 (Bi + Di) 

Left-most byte of second operand = 3606 (B 2 + D 2 ) 

Number of bytes in first operand = 3 (Li + 1) 

Number of bytes in second operand = 5 (L 2 + 1) 


WORK AREA 


PROBLEMS: 

105. In the following instructions, what 
is the address of the left-most byte 
of each operand? (R5=6, R6=8, R7=10) 

a. Op. Code: 1200 (5, 5), 1600 (10, 6) 

b. Op. Code: 804 (6, 6), 422 (14, 7) 

106 . In each of the above problems, how 
many bytes are specified? 



Write Answers 

Here 

105. a. 

1 st operand 



2 nd operand 

) ' 

b. 

1 st operand 

:50 c 


2 nd operand 

•'.zc 

106 . a. 

1 st operand 



2 nd operand 


b. 

1 st operand 



2 nd operand 



After you have completed the study of this page, please read the Note 
on the following page. 
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UNIT 6. 


Lesson 30 


CORRECT ANSWERS 


PROBLEMS: 


Remarks 


105. a. 1st operand 1206 
2 nd operand 1608 

b. 1 st operand 812 
2nd operand 432 


1200 (Dj) + 6 (contents of R5) 
1600 + 8 (contents of R 6 ) 


106 . a, 1 st operand 6 bytes 
2 nd operand 11 bytes 

b. 1st operand 7 bytes 
2nd operand 15 bytes 


you must add one to the number 
of bytes specified by L^ and L 2 
since these areas indicate the 
number of bytes to the right of 
the left-most byte"^ (as indicated 
by Di plus the contents of ). 


Example of problem 105a and 106a 1st operand: 



+1 

+2 

+3 

+4 

+5 




klnrp 


location Li specified 5, therefore 

1206 add five more bytes. 


^ Note : For the sake of clarity, the mnemonic code is used to express 
the operation code of the instructions instead of the numeric code. Also 
(for instructional purposes) an assembler format is used for the instruc¬ 
tions rather than the bit configurations as they would appear in storage. 
Note, however, that the actual length code (one less than the length) 
is used in the instructions illustrated above whereas when true assembler 
language is being used, the length itself would be specified and would be 
converted into length code by the Assembler program itself. 
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UNIT 6 


Lesson 31 


Add (Packed) - Decimal: One item to note with respect to decimal arith- 
metic in general: the address does not have to lie on a full word bound¬ 
ary or on a half word boundary. Any 1 egitimate byte address is acceptable 

Instruction: 

ADD: FA/AP Di (Li Bi), D 2 (L 2 , B 2 ) 

The first operand (augend), which is located by Di and Bi and with 
length defined by Li , has added to it the second operand (addend), which 
is located by D 2 and B 2 and length-defined by L 2 . The result (sum) re¬ 
places the first operand. The signs of the numbers and the digits them¬ 
selves are checked for validity.* The C.C. reflects the result of the 
addition. 

Examples: 

1. AP 1201 (1,0), 1301 (1,0) Since both Bi and B 2 are zero, the 

given addresses are not modified. 

Li and L 2 both indicate 1 , therefore each operand is made up of two 
bytes (the one addressed plus one more). 

Suppose that the first operand (1201, etc. ) contains 547 + and the 
second operand (1301, etc. ) contains 478 +. The sum (1025+) will 
cause overflow since it will not fit into the first operand location. 

The CC will be set to 3 to indicate overflow (also, the high order 
excess digit or digits will be lost---the ” 1 " in this case). 

2. AP 1214 (2, 0), 1312 (3, 0) 

Suppose that the first operand contained 12340+ and the second oper¬ 
and contained 0987650-. The sum (0975310-) will also cause over¬ 
flow. Had the second operand contained 0101230-, then the result 
(88890-) would have been able to fit into the first operand location. 

The CC would then have become 1 (negative result). Overflow is 
caused by what happens, not by what could happen. 

' 5^00002 through IOOI 2 are valid decimal digits; 

IOIO 2 , IIOO 2 , IIIO 2 , and IIII 2 are valid positive signs; 

IOII 2 and IIOI 2 are valid negative signs. 


WORK AREA 


PROBLEMS: 


Write Answers Here 

107. Give the left-most location and 
the size (in bytes) of the augend 

107. 

a. augend z 


and addend. R3 = 20 R 6 = 40 

a. AP 2264 (3, 6 ), 2850 (3,0) 

b. AP 2000 (2,3), 3000 (1,6) 


addend 

4-0 




108. Given location contents as shown: 
U, ll 6 , 3|4,+| 

108. 

hi ^hc 

1 . 

2200 2201 2202 

What would be the result of the fol¬ 
lowing instruction: 

AP 2200 (2, 0), 2201 ( 1 , 0) ? 


2200 2201 

2202 
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UNIT 6. 


Lesson 31 


CORRECT ANSWERS 

PROBLEMS: Remarks: 

107. a. augend 2304,4 
addend 2850, 4 

b. augend 2020,3 
addend 3040, 2 

The augend field and the addend 
field may overlap (wholly or par¬ 
tially) if their low order bytes 
coincide. 

For further comments on overlap¬ 
ping fields, refer to Appendix C. 
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UNIT 6. 


Lesson 32 


Subtract (Packed) - Decimal: Addressing any byte in storage, overflow 
characteristics, Condition Code significance and checks for digit and 
sign validity are the same as in Add (Packed)-Decimal. 

Instruction: 


SUBTRACT: FB/SP Dj (Li , Bj), D2 (L2 , B2) 

The first operand (minuend) has subtracted from it the second 
operand (subtrahend). The result (difference) replaces the first oper¬ 
and. 


.Example: 


SP 2200 (1,0), 2202 (1,0) 


byte contents: 
(decimal) 


ii-Lll 

2200 


location: 

Had the command been: 


Had the command been: 


Before execution 

After execution 

|9lJ L4,8l 

|i|+l 1 

1 8. 6 

1 0| - 1 

2201 2202 

2203 

2200 

2201 



After execution 

0), 2200 (1, 0) 


1 8_, 6 1 

0| +1 



2202 

2203 

0), 2200 (1,0) 


Lo 1 oj 

0 . + 1 


2200 

2201 


This final example shows a convenient way to zero an area. The 
minuend and subtrahend fields may overlap (wholly or partially) 
when their low order bytes coincide. 


PROBLEMS: 


WORK AREA 

Write Answers Here 


109 . Instruction: 109. 

SP 2400 (0, 0), 2401 (0, 0) 

before execution 

■6,- I 4.+ I C.C. 

2400 2401 

Show the result in 2400 after 
execution of the command. What 
would the Condition Code be? 


byte contents i 
(decimal) ' 


2400 


I 


110. Had the second byte been nega- 110. 
tive in the above problem, what 
would result in location 2400? 

What would the Condition Code 

be? C.C. 


2400 
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UNIT 6. 


Lesson 32 


CORRECT ANSWERS 

PROBLEMS: Remarks 


Since the complete answer 
would have been 10-, the 0- 
remains in location 2400. 

Zero is normally positive, but 
a truncated zero may be nega- 
tive as in this case. 


I " I No overflow in this case. 

2400 

C.C. = 1 


109. |0.-| 

2400 

G. C. =3 
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UNIT 6. 


Lesson 33 


Zero and Add (Packed) - Decimal: This instruction operates like a 
normal add instruction, but with some very special differences. 

Instruction: 


ZERO AND ADD: F 8 /ZAP Di (Li, Bi), D2 (L 2, B2) 

The first operand (augend) is set to zero and the second operand 
(addend) is added to it. The result (sum) is placed in the first oper¬ 
and location. The result of this operation is that the first operand 
is lost and the second operand moves into the first operand location. 

Since the first operand is lost, it is not checked for valid sign 
or digit codes, but the second operand is checked. Addressing, 
overflow characteristics and Condition Code characteristics are the 
same as in the Add and Subtract instructions just covered. 

Example: 


ZAP 2200 (0, 0), 

2400 

(0,4) 


contents (before execution): 

Llod 

2200 

|ll + l 

2416 

R4 = 16 

after execution: 

l^l + l 

U 1 +1 

the second operand is 

Had the command been: 

2200 

2416 

moved into the first 
operand location. 

ZAP 2200 (0, 0), 

2200 ( 0 , 0 ) 



after execution: | 2 ^ - | The only effect this has is 

is to set the C.C. The first and second operand fields may overlap 
(wholly or partially) if the low order byte of the second operand 
(the source) is coincident with, or to the left of, the low order byte 
of the first operand (the destination). 


WORK AREA 


PROBLEMS: 


Write Answers Here 


111. Instruction: ZAP 2300 (3, 0), 2304 (1,0) 
If the second operand location contained 
123-, what will the first operand loca¬ 
tion contain after execution of the 
instruction? 

112. Given: lo,ol5,6 l9i+ 1 

2306 2307 2308 

a. Which of the following commands 

will work? 

b. Show the result. 

(1) ZAP 2306 (1,0), 2306 (2,0) 

(2) ZAP 2307 (2,0), 2307 (1,0) 



112 . 


a. 
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UNIT 6 


Lesson 34 


CORRECT ANSWERS 


PROBLEMS; 


Remarks 


111. 0,0 0,0 1,2 3,-| The number has been moved to a 

larger field (high order zeros 
are supplied when needed). 


112. a. number (2) instruction. 

lo 0 |0 0 |5 6 I 9 +1 

I_I_I_I I j_I_I_1 

2306 2307 2308 2309 


Think of the decimal instructions 
in this way: 

The first and second operands are 
procured a byte at a time and the 
result is stored a byte at a time. 
The storing of the result must not 
interfere with the bytes yet to be 
procured. 


That is why the low order bytes 
must be coincident for overlap in 
the AP and SP instructions and 
the destination byte must be to the 
right of the source byte for oVerlap 
in the ZAP instruction. 
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UNIT 6. 


Lesson 34 


Conversion Instructions: This lesson will discuss two conversion in- 
structions: from binary to packed decimal and from packed decimal to 
binary. These are RX-type instructions, unlike the rest of the instruct 
tions in this unit, which are SS-type. 

Instruction: 


CONVERT TO DECIMAL: 4 E/CVD Rj, D 2 (X 2 , B2) 

The first operand (as specified by Ri) is converted from binary to 
packed decimal format and stored in the second operand location (as 
specified by D 2 , X 2 and B 2 )- The second operand must be on a double 
word boundary. The first operand is assumed to be a binary integer 
consisting of sign and 31 data bits; the second operand will occupy 8 
bytes (a double word) of storage and will consist of 15 decimal digits 
and the sign. No overflow can occur and the Condition Code is un¬ 
changed. The sign will be coded using the ASCII or EBCDIC conven¬ 
tion according to whether bit 12 of the PSW is one or zero respectively. 

Instruction: 


CONVERT TO BINARY: 4 F/CVB Rj, D2 (X2, B2) 

The second operand (as specified by D 2 , X 2 and B 2 ) is converted 
from packed decimal to binary format and stored in the first operand 
location (as specified by Ri ). The second operand is assumed to be 
15 decimal digits and sign and must lie on a double word boundary. It 
must be no greater than 2, 147,483, 647, no less than -2, 147,483, 648 
and will occupy a double word (8 bytes) of storage. The first operand 
will be a sign and 31 data bits, occupying a general register. 

If the decimal number to be converted lies outside the range men¬ 
tioned above, the upper bits of the result will be truncated. A ”fixed 
point divide exception” will exist with possible interrupt (to be dis¬ 
cussed in a later lesson), but no change in the C.C. will occur. 

Note that in both of these instructions, the decimal number is sent 
to (or taken from) general storage while the binary number is sent to 
(or taken from) a general register. 


WORK AREA 


PROBLEM: 


Write Answers Here 


113. a. Write an instruction to convert 
a binary number in R13 to a decimal 
number starting in location 3300 
(high order byte). 

b. Where will the low order byte 
be located? 

c. Write the instruction to go the 
other way. 


113. 

a. 


b. 

c. 
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UNIT 6. 


Lesson 34 


CORRECT ANSWER 


PROBLEM: 


Remarks 


113. a. CVD 13, 3300 (0, 0) 

b. 3307 

c. CVB 13, 3300 (0, 0) 


The decim"al number always 
occupies eight bytes in 
storage (3300-3307 in this 
case). 


Example of binary to decimal conversion with ASCII convention; 
Instruction: CVD 12,3200 (0,0) 

R12 lO 0 0 0 0 0^ iiOOOOOOOOlOlllOl 

^positive a binary integer .... 93 

sign bit 


The binary integer (+93) goes to; 


0000 0000 --- 

--- 0000 0000 

0000 1001 

0011 1010 

this is how the 
bits would look 

1 0 . 0 1-- 

-- 1 0 . 0 1 

0 . 9 

1 3 , + 1 

this is how the 

3200 

3205 

3206 

3207 

decimal digits 
would look. 


Example of decimal to binary conversion with EBCDIC convention: 
Instruction: CVB 11, 3100 (0,0) 

0000 0000 0000 0000 0000 0011 0000 1001 0110 1101 


0 


JL 


0 


0 


0 , 9 I 6 


3100 3104 3105 

the above decimal integer goes to: 


3106 


3107 


|i 1 1 1 1 li Uiiiiiiiiooiiiiioiooo 


negative 

sign 


3096 in 2*s complement form 
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UNIT 6 . 


Lesson 35 


Multiply (Packed)-Decimal: For this instruction, the sign of the pro- 
duct follows the rules of algebra. This is true even if the product 
equals zero. This instruction does not change the Condition Code. 

Instruction: 


MULTIPLY: FC/MP Dj (Lj , Bj), D2 (I^ , B2) 

The first operand (multiplicand) is multiplied by the second operand 
(multiplier). The result (product) replaces the first operand. 

Some restrictions must be placed on the sizes of the operands, on 
the length codes, since the maximum size of a decimal number that 
can be specified by the length code is 32 characters (31 decimal digits 
and a sign), using the largest possible value of Li or L 2 (15). The 
result of the multiplication must be kept within this limit. 

1. Length code (L 2 ) must be less than length code (L^ ) as well 

as less than eight. 

The multiplier (length specified by L 2 ) must be no larger than 15 deci¬ 
mal digits and sign, and must be smaller in specified size than the 
product (initially the multiplicand). 

2. The multiplicand must have at least as many zeros in its 

high order positions as there are characters (sign and 
digits) in the multiplier. 

This is because of product size versus multiplicand and multiplier 
sizes, otherwise a data exception occurs. 

'i^Otherwise a specification exception and possible program interrup¬ 
tion will occur (program interrupt will be discussed in a later lesson). 


PROBLEMS: 


WORK AREA 

I Write Answers Here 


114. Instruction: MP 3200 (15, 13), 3300 (7,13) 

a. What is the specified length of both the 

multiplicand and the product? 

b. What is the specified length of the 

multiplier ? 

c. Are these lengths within proper limits? 

d. Which general register is specified 

as base register? 

115. Indicate which of the following will work 
and why the other one will not work. 

a. MP 3100 (2, 13), 3500 (2, 13) 

b. ZAP 3400 (5, 13), 3100 (2, 13) 

MP 3400 (5, 13), 3500 (2, 13) 


114. 

a. m'cand 
product 

b. _ 

c. _ 

d. 


115. 
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UNIT 6. 


Lesson 35 


CORRECT ANSWERS 


PROBLEMS: Remarks 


114. 

a. 

m'cand: 16 bytes (high-order 

A length code of 15 



8 bytes must be zero) 

specifies 16 bytes; a 
length code of 7 specifies 


b. 

8 bytes (15 digits plus sign) 

8 bytes. 


c. 

Yes 

is less than eight 
and also less than Li . 


d. 

R13 


115. 

b. 

will work. Wrong length 

ZAP ahead of the MP 



specification for a. 

instruction gets the multi¬ 
plicand into adequate 
sized field. 


Problem 115. b. (shown in decimal notation) 


multiplicand multiplier 

|0,0 I 0,0[ 0,0 I 0,4 I 0,0| 0,+ | I 0,4 I 0 ,0 | 0 ,+ | 

There must be as many leading zeros in the multiplicand 
as there are characters (excluding leading zeros) in the 
multiplier. 

product 

|0.0 I 0.1 I 6.0 I 0.0 I 0.0 I O. + l 

This requirement ensures that there will be no overflow 
(in fact, there will be a leading zero in the product). 

Failure to meet this requirement results in a data exception. 
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UNIT 6. 


Lesson 36 


Divide (Packed)-Decimal: For this instruction, the sign of the quotient 
follows the rules of algebra. This is true even if the quotient equals 
zero. The remainder will have the same sign as the dividend. This 
instruction does not change the Condition Code. 

Instruction: 


DIVIDE: FD/DP Di (Lj , Bj), D2 (L2, B2) 

The first operand (dividend) is divided by the second operand 
(divisor). The results (quotient and remainder) replace the first oper¬ 
and in a fairly involved fashion, as discussed below: 

1. The quotient will be placed to the left (high order positions) and 

the remainder will be placed to the right (low order positions) 
in the first operand location. 

2. The space reserved for the remainder will be the same as the 

length of the divisor and the space reserved for the quotient 
will be the same as the length of the dividend less the length of 
the divisor (Li - L 2 ). 

Therefore, the address of the quotient will be the same as the address 
of the dividend while its length code will be given by -L2-1- The 
address of the remainder will be the address of the dividend plus L^ -L 2 
and its length code will be L 2 . 

Allowable operand lengths for this instruction follow the same basic 
philosophy as those at the Multiply (Packed)-Decimal instruction: 

1. The divisor must not exceed 15 digits and sign and must be 

specified (by length code) as smaller than the dividend. 

2. The divisor length code must not exceed seven and must be 

smaller than the dividend length code, otherwise a specification 
exception (and possible interruption) will occur. 

3. A quotient larger than its allotted space will be rejected, a 

decimal divide exception (and possible interruption) will occur, 
and the divisor and dividend are preserved intact in their 
locations. 


PROBLEM: 


WORK AREA 


Write Answers Here 


116, Instruction: 

DP 3200 (5, 14), 3100 (1, 14) 
Assume (for the sake of simplicity) 
that R14 contains zero. Which 
byte address will contain each of 
the following: 

a. dividend? 

b. divisor? 

c. quotient? 

d. remainder? 


116 . 


a. 


b. 


c. 


d. 
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UNIT 6. 


Lesson 36 


CORRECT ANSWERS 


PROBLEM: 


Remarks 


116. a. 3200 - 3205 
b. 3100 - 3101 


c. 3200 - 3203 

d. 3204 - 3205 


As specified by D ^ and L ^ 

As specified by D 2 and L 2 

(Bi and B 2 are ignored since they 
both specified R14, which we know 
contains zero) 

Address same as dividend; length 
equal to Li -L 2 . 

Address equals that of the dividend 
plus (Li- La); length equals L 2 + 1 
(since its length code equals L 2 ). 
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UNIT 6. 


Lesson 37 


Compare (Packed) - Decimal: As with the Compare instruction (dis- 
cussed on page bi), execution of this instruction leaves the operands 
unchanged, but the Condition Code does change as a result of the com¬ 
parison. 

Instruction: 

COMPARE: F9/CP Di(Li,Bi), D 2 (L 2 , B 2 ) 

The first operand (located in memory as specified by Dj and B^ 
and the length as specified by Lj) is compared to the second operand 
(located in memory by D 2 and B 2 and length as specified by L 2 ). The 
resultant Condition Code is as follows: 

CC Result of Comparison 

0 Operands are equal* 

1 first operand is low 

2 first operand is high 

"l^Note that both positive zero and negative zero will compare as equal 
and that a C. C. of 3 cannot occur as a result of this instruction. 


Example: 

Instruction: CP 3000 (3,13), 3004 (2, 13) 
Assume that R13 = 8192 


I 0 0 | 2,9| 5,7 I 5,+ |3,9 |4.6|4.+ | 

11192 11193111941119511196 1119711198 
The resulting C.C. will be 1. Although the first operand has a longer 
specified length than the second and thus could potentially be larger, it 
is the actual algebraic size of the numbers that determines the result 
of the comparison. 


WORK AREA 


PROBLEM: 

117. Instruction: 

CP 7000 (1, 0), 7002 (0, 0) 

What C.C. will result in each of 
the following cases? 


a. 

h,9i 

7,-1 

1.+ 1 


7000 

7001 

7002 

b. 

|o,o 1 

0 ,+ 1 

0,-1 


7000 

7001 

7002 


Write Answers Here 


117. 

a. CC = 


b. CC = 
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UNIT 6. 


Lesson 37 


PROBLEM: 

117. a. CC = 1 

b. CC = 0 


CORRECT ANSWERS 


Remarks 


The first operand is low. A nega¬ 
tive number (of whatever magnitude) 
will be algebraically smaller than 
a positive number. 

All zeros are equal no matter what 
the sign or length specification of 
the operands may be. 
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UNIT 6. 


Lesson 38 


Pack: For this instruction, the sign and digits are not checked for 
valid codes and the Condition Code is not affected. 

Instruction: 

PACK: F2/PACK Di(Li, Bi), D 2 (L 2 , B 2 ) 

The second operand is "packed” (see example below) and 
placed in the first operand location. The address of the second 
operand is specified by D 2 and B 2 > the length is specified by L 2 ; 
and it is presumed to be in zoned format. The address of the 
first operand is specified by Di and Bi and the length is specified 
by Li . 


Example: 


Second operand in this form: 


zone , digit I zone , digit 


digit I zone , digit | sign , digit 


digit? > digit 



zeros are added to 
the high order positions 


•sign digit is 
placed to the 
right. 


converted to the first operand in the form shown above. 

Fields may overlap; each resultant byte is stored as soon as the 
bytes necessary to form it have been fetched and processed. 


WORK AREA 


PROBLEMS: 


Write Answers Here 


118. PACK 4010 (1,0), 4000 (3,0) 

Contents of second operand location: 

I zone I 8 | zone ^ 71 zone , 61 + , 9 | 

What will be put in the first operand 
location? 


7 , G 


119 . PACK 3030 (2,0), 3029 (3,0) 

Contents of second operand location: 

I zone I 6 I zone i 7 I zone i 8 I - i 9 I 
ioi9 3030 3031 3032 

What will this same area look like 
after execution of the instruction? 


119. 12-, G 1 OjG 


3029 3030 




*The word "zone" Symbolizes a zone character. 
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UNIT 6. 


Lesson 38 


CORRECT ANSWERS 


PRO BLEMS: Remarks 

I 7 1 6 I 9^+1 The high order digit is truncated 

4010 4011 lost. Note that in the zoned 

format the sign and low order digit 
occupy one byte, and each higher 
order digit (together with a zone 
character) occupies one byte. There¬ 
fore, a two to one compression, as 
attempted in this problem, cannot 
always be achieved. 

If2xLi> L 2 -I, then truncation 
cannot occur. 

Note: The sign > means '’is great¬ 
er than." 


119. 


Z,6| 0,6 


3029 


3030 


All 


3031 3032 


Notice the overlap of fields. The 
zone and 6 in byte 3029 are what 
remain of the first field (the rest 
were "overwritten"); the high 
order zero was supplied to "fill out" 
the second field. 
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UNIT 6. 


Lesson 39 


Unpack: For this instruction, the sign and digits are not checked for 

valid codes and the Condition Code is not affected. 


Instruction: 

UNPACK: F3/UNPK Dj (Li, Bi), D2(L2, B 2 ) 

The second operand (address-specified by D 2 and B 2 j the length 
specified by L 2 and presumed to be in packed format) is ’’unpacked” 
and placed in the first operand location (address-specified by Dj and 
Bi and length-specified by Li ). 


Example: 


second operand (originally): 


lo st 

digit ^ digit 

digit j 


-/ __ 

_^ 

EE39IEIE^^3 




[git digit 

digit 1 digit digit , sign 

ir-^ ^ + >*==< 





Think of this as an intermediate step, returning to zoned format. 
Zone characters are supplied automatically. The code of llll 2 is sup¬ 
plied for the EBCDIC mode while the code of OIOI 2 is supplied for the 
ASCII mode. The state of bit 12 of the PSW will determine which mode 
will prevail. * 

in first operand location (finally): 


zone ^ digit 

zone 1 digit zone ^ 

t>ne ^ digit zone ^ digit 

sign^ digit 


or 


zone 


zone 


zone fne, digit zone, digit sign, digit 


The high-order digits are lost, things come out ’’just rightj’ or zeros 
are added in the high-order digit positions depending on the specified 
size of the first operand location relative to the size of the unpacked 
intermediate result. 


WORK AREA 


PROBLEM: 

120. UNPK 2218 (2,0), 2218 (1,0) 
Byte contents are as follows: 

I 4 . 3 I 5 .- |7.2 I 6 .+I 

2218 2219 2220 2221 

What will these locations contain 

after execution of the instruction? 


Write Answers Here 


H ,4_. 



2218 

2219 

|-,5 

G 1 


2220 

2221 


When PSW bit 12 is 0, EBCDIC prevails; when PSW bit 12 is 1, 
ASCII prevails. 
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UNIT 6. 


Lesson 39 


CORRECT ANSWERS 


PROBLEM: 


Remarks 


120. Z 4 Z 3 

_I__j_ 

2218 2219 


The byte at location 2221 was not 
involved in the instruction. 



2220 2221 


To avoid the possibility of trunca¬ 
tion of high order digits regardless 
of storage contents, 

Lj 2 X L 2 

means ’’greater than or equal 
to) 


106 


UNIT 6. 


Lesson 40 


Move with Offset: There is no specific decimal shift instruction. For 
this reason, shifting must be achieved by other means. Multiplication 
of a quantity by 10 or 100 or 1000, etc. , is equivalent to a right shift of 
1, 2, 3 decimal digits, etc. 

For shifting right an odd number of digits, or (under some circum¬ 
stances) for shifting left one digit, the instruction Move with Offset may 
be used. 

Instruction: 

MOVE WITH OFSET: Fl/MVO (Lj, B^), D 2 {L 2 , B 2 ) 

The second operand is placed in the first operand location just to the 
left of the low order half-byte of the first operand. Location of the 
second operand is specified by D 2 and B 2 and length code is specified 
by L 2 . Location of the first operand is specified by and B^ and 
length code is specified by Li. 

With this instruction, the operands need not be ’’proper" signed 
decimal numbers. The first operand need not have (but may have) a 
sign code for its low order four bits; the second operand will usually 
consist of digits only (see example below). 

The second operand, with the low order half-byte of the first oper¬ 
and appended to it, will be either too large or too small for the first 
operand location. If it is too large, its high order half-byte (or half¬ 
bytes) will be truncated. If it is too small, the high order position (or 
positions) of the first operand location will be zero filled. 

The bytes are processed from right to left and a byte is stored as 
soon as its constituent parts have been fetched and processed. The 
operand bytes are not checked for valid digit or sign codes and there is 
no change in the Condition Code. 

Example 1: MVO 900 (2, 13), 800 (1, 13) 

Initial contents of Initial contents of 

1st operand location 2nd operand location 

I 9,8|7,6|5,4| h,2|3,2 I 


zero filled 



Final contents of 1st 
operand location 
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UNIT 6. 


Lesson 40 


Example 2: MVO 800 (1, 13), 900 (2, 13) 

Assume initial contents of storage locations the same as in 
example 1. 


Initial contents of 
1st operand location 


Initial contents of 
2nd operand location 



Final contents of 1st 
operand location 


PROBLEMS: 


WORK AREA 


Write Answers Here 


121. MVO 1300 (3, 13), 1300 (1, 13) 

Initial contents of 1st operand 
location 

|0. 8|6.4|2. 0|0.+| 

What will be the final contents of 
the first operand location? 

122. Assume that the instruction for 
the problem above is as follows: 

MVO 1300 (2, 13), 1300 (2,13) 

Initial contents of all storage loca¬ 
tions as shown above. 

What will be the result after execu¬ 
tion of the instruction? 



122 . 


The correct answers to these problems are shown on page 110. 
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SS instruction general format: Op-Dj D 2 (L 2 »B 2 ) 


SUMMARY OF DECIMA.L INSTRUCTIONS 


Title 

Op. 

Code 

Action 

(contents of ... ) 

Sign 

(-►becomes) 

Comments 

Si 

ADD (packed) 
Decimal 

FA/AP 

second operand 
(D 2 , B 2 ) added to 
first operand 
(Di, Bi) (augend) 

general 
rules of 
algebra 
apply. 

Length defined 
by L 1 and L 2 . 
Sum replaces 
first operand. 

89 

SUBTRACT 

(Packed) 

Decimal 

FB/SP 

second operand 
(subtrah‘d) sub¬ 
tracted from first 
operand (minuend) 


Length defined 
by Li and L 2 . 
Difference re¬ 
places first 
operand. 

91 

ZERO and ADD 
(Packed) Decimal 

F8/ZAP 

second operand 
moved into first 
operand location 

■ 

First operand 
is lost in the 

move. 

93 

CONVERT to 
DECIMAL 

4E/CVD 

first operand con¬ 
verted to packed 
decimal format 
from binary 

■ 

Stored in sec¬ 
ond operand lo¬ 
cation, which is 
a double word 
(8 bytes). 

95 

CONVERT TO 
BINARY 

4F/CVB 

second operand 
converted to bi¬ 
nary from packed 
decimal format 

■ 

Stored in first 
operand location 
(sign and 31 bits) 
in a general 
register. 

95 

MULTIPLY 

(Packed) 

Decimal 

FC/MP 

1st operand (m*cand) 
multiplied by 2nd 
operand (multiplier) 

General 
rules of 
algebra 
apply 

Result replaces 
first operand. 
Sizes of oper¬ 
ands restricted. 

97 

DIVIDE 

(Packed) 

Decimal 

FD/DP 

1st operand (divi¬ 
dend) divided by 

2nd operand 
(divisor) 


Quotient and 
remainder re¬ 
place first 
operand. 

99 

COMPARE 

(Packed) 

Decimal 

F9/CP 

1st operand is 
compared to the 

2nd operand. 

■ 

^ Condition Code 
is changed de¬ 
pendent on the 
result of com¬ 
parison. 

101 

PACK 


2nd operand is 
packed and placed 
in 1st operand loc. 


Second operand 
originally in 
zoned format. 

103 

UNPACK 

F3/ 

UNPK 

2nd operand is un¬ 
packed and placed 
in 1st operand loc. 


Second operand 
originally in 
packed format. 

105 

MOVE WITH 
OFFSET 

FI/ 

MVO 

2nd operand is 
placed in the 1st 
operand location. 


Placement is to 
the left of the low 
order half-byte 
of 1st operand 
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UNIT 6. 


Lesson 40 


CORRECT ANSWERS 


PROBLEMS: 


Remarks 



Note that the (low order four 
bits of the first operand) was ap¬ 
pended to the "0864” of the second 
operand, with zeros filling the re¬ 
maining high order positions of 
the first operand location. This 
resulted in a right shift of three 
decimal digits. 

If both operands have the same 
starting location, if L 2 is 1 less 
than Li , left shift of 1; if L 2 is 2 
less than Li , left shift of 3; if 
L2 is 3 less than Li, left shift of 
5, etc. 


-f I This byte stayed the same - it 
v~ywas not involved in the instruction. 

- This zero was the low order four 

bits of the first operand. 

This was the second operand. 

The high order digit (0)'^ is trun¬ 
cated and lost. 


'J^Note that in this particular case, the final result in the four bytes 
being considered is a left shift of one decimal digit. Another command 
of MVO 1300 (2, 13), 1300 (2, 13), would result in another left shift of 
one: 

The high order digit (8) has again dropped off. Since this instruc¬ 
tion does not change the C. C. , the programmer must be concerned with 
the effects of losing the high order digit. 



While repetitive left shifts of one can be achieved in this manner 
(if the low order two digits are both zero and with the dropping off of 
"shifted" high order digits), an attempt to shift left two or more digits 
with a single MVO instruction will not work because of the method of 
fetching and storing operands one byte at a time. 


no 


UNIT 6 QUIZ 


WORK AREA 

PROBLEM: Write Answers Here 

123. It is desired to compute Interest, Credit to 123. Instructions 
Principal, and New Balance in a monthly en¬ 
try line in a mortgage or trust deed loan pay¬ 
ment book, as shown below: - 


Monthly Credit to New 

Date Paym*t Interest Principal Balance 


Sept. 1 - - - 22, 000.00 

Oct. 1 200.00 110.00 90.00 21, 910.00 

Nov. 10 300.00 109.55 190.45 21,719.55 


The "New Balance" from the previous month 
will be in location 1000 and will have a length code 
of 3 (presupposing that the original amount of the 
loan was under $100,000.00). The "Monthly Pay¬ 
ment" will be in location 1200 and will also have 
a length code of 3 (since the monthly payment is a 
certain amount "or more"). 

The "Monthly Interest Rate" will be in location 
1400 and will also have a length code of 3, but it 
will be scaled up by 9 decimal places to appear as 
an integer rather than as a fraction (thus, for 
example, .005000000, representing one-half per¬ 
cent interest per month, would appear as 

5000000 + ). 

The interest is to be calculated by multiplying 
"New Balance" and "Monthly Interest Rate" to¬ 
gether and rounding up to the nearest cent if the 
result includes 5 mils or more. 

The rounded result is to be scaled to integral 
cents (as are all items except "Monthly Interest 
Rate" and "Date") and placed in location 1600 
with a length code of 3. 

Ass\ame that there will be no late penalty or 
prepayment penalties and that "Monthly Payment" 
will be greater than "Interest. " 

Calculate "Credit to Principal" by subtracting 
"Interest" from "Monthly Paym*t" and place in 
location 1800 with length code of 3. Calculate 
current "New Balance" by subtracting "Credit to 
Principal" from old "New Balance" and place in 
location 2000 with length code of 3. Assume that 
location 2200 and above are available as tempo¬ 
rary storage for intermediate results. 







UNIT 6 QUIZ 


PROBLEM: 


CORRECT ANSWERS 

Remarks 


123. Instructions 


ZAP 2200 (7,0), 1000 (3,0) 

MP 2200 (7,0), 1400 (3,0) 

AP 2200 (7, 0), 2204 (3, 0) 

MVO 2200 (7,0), 2200 (3,0) 

ZAP 1600 (3,0), 2200 (7,0) 

ZAP 2200 (3,0), 1200 (3,0) 

SP 2200 (3,0), 1600 (3, 0) 


ZAP 1800 (3,0), 2200 (3,0) 
ZAP 2200 (3,0), 1000 (3,0) 

SP 2200 (3, 0), 1800 (3, 0) 


ZAP 2000 (3,0), 2200 (3,0) 


There are many ways to program 
any problem; this is one possible 
way, for this problem. 

Old ’’New Balance” is given a larg¬ 
er field and placed in working area. 

Unrounded interest scaled up 9 is 
in location 2200. 

Fractional cents have been doubled 
in order to round to whole cents. 

Result scaled to integral cents. 

Scaled result stored and high order 
zeros lost. 

Monthly payment brought to work¬ 
ing area. 

Interest is subtracted from Month¬ 
ly Payment to obtain Credit to 
Principal. 

Result is stored. 

Old ’’New Balance” brought to 
working area. 

Credit to Principal is subtracted 
from old ’’New Balance” to obtain 
current ’’New Balance. ” 

Result is stored. 
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UNIT 7 


Lesson 41 


Floating Point Data and Instructions: Floating point numbers can be 
expressed in one of two different formats. A floating point number may 
occupy one word in the short format, or two words in the long format. 
Numbers may be positive or negative. The leading (high-order) bit is 
the sign bit having the usual significance (zero for positive numbers; 
one for negative numbers). 

Depending upon the magnitude of the number, there will be be¬ 
tween 21 and 24 bits of precision possible in the short format and be¬ 
tween 53 and 56 bits of precision possible in the long format. The 
’’fractional” portion of the number will contain 24 or 56 bits respectively. 
The ’’characteristic” or ’’exponent” consists of 7 bits and it is a number 
expressed in ’’excess 64” binary notation (see Note on following page). 


Floating Point Word 


exponent 


true fraction 


5 £ 


7 8 


31 (short form) 
63 (long form) 


The fraction is called ’’true” because the bits are not complemented 
for negative numbers. 

The advantage of floating point manipulations is that fairly uniform 
precision can be maintained through great ranges in the magnitude of the 
numbers. In terms of more familiar decimal numbers, from about 5.4 
X 10’^^ on the small magnitude side, up to about 7 . 2 x 10^5 on the large 
magnitude side and any of these numbers may be positive or negative. 


You will recall that fixed point binary numbers used the sixteen 
general registers together with half word and full word sizes of general 
storage and decimal numbers used from one byte, up to sixteen byte 
sizes of general storage. In the same manner, floating point numbers 
use four double word sized floating point registers and full word or 
double word sizes of general storage.Since the registers are double 
word size, they will be referred to as ’’register pairs. ” The high-order 
single word sized portion will be referred to as the’’evenregister” and 
the low-order single word sized portion will be referred to as the ’’odd 
register” (please refer to Note 2 on the following page). 


WORK AREA 


PROBLEMS: 

124. a. What is the bit size of the exponent 

in a floating point word? 
b. What notation is used in the 
exponent? 

125. How many bits are contained in the 
fractional portion: 

a. in the short form? 

b. in the long form? 

126. Why is the fractional portion called 
’’true fraction”? 


Write Answers Here 

124. 

a. 


b. 

125. 

a. 

b. 

126. 


'1^ For a discussion of binary fractions, I 

see page 114. * 

❖>;<These must lie on full word or double word boundaries. 
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UNIT 7. 


Lesson 41 


CORRECT ANSWERS 


PROBLEMS: Remarks 

124. a. 7 bits 

b. excess 64 binary This is explained in the note 

below. 


125. a. 24 bits 
b. 56 bits 


126. Negative numbers are 
not complemented 


The bit positions of the fractions 

have the following values: _ _ 

1/2 1/4 1/8 1/16 1/32 1/64 etc., etc. 30 
8 9 10 11 12 13 etc. 31 

Thus, fractional bits: 

11000-would have the value 3/4 

00100----would have the value 1/8 

01010-would have the value 9/16, 

etc. 


Note: Excess 64 binary notation 

1 000 000 would be 64 in normal binary notation. In excess 64 
binary notation it is zero. 

1 000 001 and 0 111 111 would be 65 and 63 in normal binary nota¬ 
tion. In excess 64 binary notation, they are +1 and -1 (excess 64 is 
simply 2's complement with the sign bit reversed). 

This "biased*' exponent is with the base of 16 understood. A floating 
point number is mathematically of the form: 

fit. pt. no. = signed fraction x 16 

Note 2: The floating point registers, as well as the floating point in¬ 
struction set, are part of the Floating Point Special Feature on certain 
models of the System 360. If this feature is not a part of a specific 
360 installation, neither the registers nor the instructions will be 
available for programmer use. 

If this feature is a part of a specific installation, the registers and 
instructions may be used. The registers must be referred to as RO, 

R2, R4, or R6. 
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UNIT 7. 


Lesson 42 


Load and Store Instructions: Since there are so many options in the 
floating point instructions, they will be discussed in groups. The stu¬ 
dent should be familiar enough with the operation, format,and philosophy 
of instructions of the System 360, that he should have little difficulty in 
following the discussion. 

Instruction: 

LOAD: 38/LER Ri, R 2 (RR instr . with short operand) 

28/LDR R 2 , R 2 (RR instr, with long operand) 

78/LE Rj, D 2 (X 2 ,B 2 ) (RX instr. with short operand) 
68/LD Ri , D 2 (X 2 , B 2 ) (RX instr. with long operand) 

In each of these cases, the second operand is loaded into the first 
operand location. The operands are located in registers, or storage, 
depending on the type of instruction involved. The Condition Code re¬ 
mains unchanged, as does the second operand. Also, Ri odd (the low 
order half of the register pair constituting the first operand location) 
remains unchanged for the short operand instructions. 

Instruction: 


STORE: 70/STE Ri, D 2 (X 2 , B 2 ) (RX instr. with short operand) 
60 /STD Ri, D 2 (X 2 , B 2 ) (RX instr. with long operand) 

The first operand (a register-pair for long operand or even register 
for short operand) as specified by Rj is stored at the second operand 
location (as specified by D 2 > X 2 and B 2 in the usual manner). 

In the RX instructions (for both LOAD and STORE) the second 
operand must lie on a double word boxmdary for long operand or single 
word boundary for short operand. The C. C. remains unchanged. 


WORK AREA 


PROBLEM: 


126. 

Instructions: 

a. 

LD 6, 72 (15, 13) 

b. 

LER 4, 6 

c. 

STE 4, 36 (15, 13) 


Write Answers Here 

126. 

a. 


b. 


Describe what is accomplished by 
these instructions. 


c. 
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UNIT 7. 


Lesson 42 


CORRECT ANSWERS 


PROBLEM: 


Remarks 


126. 

a. Long operand is loaded into 

register pair 6 from storage. 

b. Short operand is loaded into 

register 4 from register 6. 


c. Short operand is stored from 
register 4. 


Note: References to index or base registers in floating point 

instructions (as with other instructions) refer to the general 
registers. They have address significance in the LOAD 
and STORE instructions. 
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UNIT 7. 


Lesson 43 


Other Load Instructions: 


Instruction: 


LOAD AND TEST: 32/LTER Rj , R 2 (RR format, short operand) 

22/LTDR Ri , R 2 (RR format, long operand) 

These instructions are similar to LER and LDR respectively (see 
Lesson 41) except that the Condition Code reflects the final state of the 
first operand register (short operand) or register pair (long operand). 


CC 


Result in R 2 


0 

1 

2 

3 


the fraction is zero 
result is less than zero 
result is greater than zero 
cannot occur 


Instruction: 


LOAD COMPLEMENT: 


33/LCER Ri, 
23/LCDR Ri, 


R 2 (short operand) 
R 2 (long operand) 


LOAD POSITIVE: 


30/LPER Ri, R 2 
20/LPDR Ri, R 2 


(short operand) 
(long operand) 


LOAD NEGATIVE: 


31/LNER Ri, R 2 
21/LNDR Ri, R 2 


(short operand) 
(long operaind) 


For these instructions, the second operand is obtained from the 
appropriate register pair (long operand) or even register (short oper¬ 
and); it is complemented, insured to be positive, or insured to be 
negative--as the case may be; it is then placed in the first operand 
register-pair location (long operand) or even register (short operand). 
The resulting C.C. will reflect the state of the converted operand in 
the first operand register or register pair as above. 


Operation 

LCER, LCDR 
LPER, LPDR 
LNER, LNDR 


C.C. 

0, 1, or 2 only 
0 or 2 only 
0 or 1 only 


WORK AREA 


PROBLEM: 

127. For each of the following, what 
sign bit will be in the result 
(in the R^ register)? 

a. Load and Test 

b. Load Complement 

c. Load Positive 

d. Load Negative 


127. 


Write Answers Here 

a. 




c. 

d. 


117 



UNIT 7. 


Lesson 43 


CORRECT ANSWERS 


PROBLEM: 


Remarks 


127. a. Same as it was in the 
R 2 register 


b. opposite The sign bit is changed even 

though the fraction may be zero. 

c. 0 (positive) 


d. 1 (negative) The sign bit is made 1 (negative) 

even though the fraction may be 
zero. 


Note: If the fraction is zero, the C.C. will be zero regardless of 

sign. Also, if it was a short operand instruction, the C.C. 
will be zero if bits 8-31 of the result are zero (since bits 
32-63 of the register pair have no bearing and may or may 
not be zero). 
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UNIT 7. 


Lesson 44 


Compare: This instruction compares two operands. No change will 
result in the operands, but the Condition Codes will reflect the result 
of the comparison. 

Instruction: 

COMPARE: 39/CER , R 2 (RR format, short operand) 

29 /CDR Ri , R 2 (RR format, long operand) 

79 /CE Ri, D 2 (X 2 , B 2 ) (RX format, short operand) 
69 /CD Ri, D 2 (X 2 , B 2 )(RX format, long operand) 

The first operand (in the register-pair for long operand or even 
register for short operand) specified by Ri is compared with the second 
operand (as specified by R 2 in the RR instruc. and by D 2 , X 2 and B 2 
in the RX instructions). In RX instructions, the long operand must lie 
on a double-word boundary, and the short operand must lie on a single- 
word boundary. 

Result of Comparison C. C. 

Operands are equal 0 

First operand is low 1 

Second operand is low 2 

A C. C. of 3 is not possible with these instructions. 


The comparison is concerned with signs as well as with magnitude. 
The signs are compared with negative numbers considered to be smal¬ 
ler than positive numbers, except that two numbers with zero fractions 
will always compare equal, regardless of the signs and exponents. 

Exponents and fractions are also compared. Exponent inequality 
(in and of itself) is indecisive, since the fractions may not necessarily 
be normalized (a discussion of normalizing will follow in Lesson 45). 


WORK AREA 

PROBLEMS: 

128. CER 0, 6 

in / RO: 0 1000011 00001100---- 
binary t R6: 0 1000010 11100000---- 

What will the C. C. be after execution? 


Write Answers Here 


128. 


129 . CER 2, 4 

in / R2: 1 1000011 00001100- 

binary tR4: 1 1000010 11100000---- 

a. What will the C. C. be after 

execution? 

b. What will R2 look like? 

c. What will R4 look like? 


129. 

a. 

b. 


c. 
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UNIT 7. 


Lesson 44 


PROBLEMS 

128. 1 


129. a. 

b. 

c. 


CORRECT ANSWERS 


Remarks 


First operand (RO) is low. 

First operand sign is positive, 
exponent is 3, and fraction is 
1/32 + 1/64 = 3/64. This makes 
the first operand equal to: 

+ 3/64 X 16^ =+192 

The second operand (R6) sign is 
positive, exponent is 2, and frac¬ 
tion is 1/2 + 1/4 + 1/8 = 7/8. 

This makes the second operand 
equal to: 

+ 7/8 X 162 = +224 


2 Second operand (R4) is low. 

Second operand is equal to -224, 
which is lower than the first 
operand (R2), which is equal to 

-192. 


unchanged 

unchanged 
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UNIT 7. 


Lesson 45 


Execution of Normalized and Unnormalized Instructions: If the high- 
order hexadecimal digit of the fraction is non-zero, the floating point 
number is said to be normalized; otherwise it is unnormalized. Addition 
or subtraction may be performed with results either normalized or un¬ 
normalized. Multiplication and division may only be performed with re¬ 
sults normalized. 

Immediately after the addition (subtraction), if the fraction is not 
zero, is not too large, and does have zeros in bits 8, 9, 10, and iTj 
further processing depends on the type of instruction: 

1. If an unnormalized instruction is used, the result to this point 

(sign, exponent and unnormalized fraction) constitute the 
answer. This is returned to the first operand location. 

2. If a normalized instruction is used, the unnormalized fraction 

is shifted left four bits (one hexadecimal digit) and the ex¬ 
ponent is reduced by one. This process is repeated as neces¬ 
sary until the fraction is normalized. 


The smallest value the exponent can have is OOOOOOO 2 , which is 
-64 in excess 64 binary notation. An attempt to decrease this smallest 
possible exponent by one will result in an ’’exponent underflow, ” the 
fraction will be made zero, the exponent will be zero, the sign will be 
insured to be positive, and if the ’’exponent underflow mask bit” of the 
PSW is one, there will be an interrupt. Note that a zero fractional 
result does not cause ’’exponent underflow. ” 


Examples: The following example indicates how smaller magnitude 
numbers can be realized by unnormalized rather than by normalized 


instructions. 


Sign Exponent 


Fraction 


Minuend: 0 0000010 0010 0100 0000 1010 0101 0100 

Subtrahend: 0 0000010 0010 0100 0000 1100 0010 0000 


Unnormalized 

Difference: 

Normalized 

Difference: 


1 0000010 0000 0000 0000 0001 1100 1100 
0 0000000 0000 0000 0000 0000 0000 0000 


Note that in the normalization process, the first two hexadecimal shifts 
reduce the exponent to ”0000000, ” while the third shift causes exponent 
underflow. 


WORK AREA 


PROBLEM: 


Write Answers Here 


130. Sign Exponent 

augend: 1 0000000 

addend: 0 0000000 


Fraction 

' ■■■■ ■(all zeros)! 

0111 0111 0-0 

0111 0011 0-0 


130. 


a. 


sign 

II 


J 


high order 8 bits 


Show the sign and high order 8 bits of the 
fraction for: 

a. unnormalized addition 

b. normalized addition 


b. sign _ 

I _ 1 _ I _ I _l_i_ I_I _ I 

high order 8 bits 
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UNIT 7. 


Lesson 45 


CORRECT ANSWERS 


PROBLEM: 


Remarks 


130. a. sign: 1 

[o.o.o.o|o.i.o.o| 

b. sign: 0 Underflow occurred, fraction 

made all zeros, sign and exponent 
|0,0^0,0|0,0|0,0| ensured to be zeros, interruption 

if appropriate mask bit of PSW 
is set. 
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UNIT 7. 


Lesson 46 


Add and Subtract (Floating Point): 


Instruction: 


Format Operands Norm/Un 


ADD: 


3 A/AER Ri, R2 
2 A/ADR Ri, R 2 
3 E/AUR Rj, R2 
2 E/AWR Rj , R2 

7A/AE Ri, D 2 (X2,B2) 
6A/AD Ri, D 2 (X2,B2) 
7E/AU Ri , D 2 (X 2 , B 2 ) 
6E/AW Ri , D 2 (X 2 , B 2 ) 


RR 

short 

norm 

RR 

long 

norm 

RR 

short 

un 

RR 

long 

un 

RX 

short 

norm 

RX 

long 

norm 

RX 

short 

un 

RX 

long 

un 


Instruction: 


SUBTRACT: 

3 B/SER Ri,R 2 
2 B/SDR Ri, R2 
3 F/SUR Ri , R2 
2 F/SWR Ri , R2 

7 B/SE Ri,D 2 (X 2 ,B 2 ) 
6 B/SD Ri,D 2 (X 2 ,B 2 ) 
7 F/SU Ri, D2 (X 2 ,B 2 ) 
6 F/SW Ri ,D 2 (X2, B2) 


RR 

short 

norm 

RR 

long 

norm 

RR 

short 

un 

RR 

long 

un 

RX 

short 

norm 

RX 

long 

norm 

RX 

short 

un 

RX 

long 

un 


The second operand is added to (or subtracted from) the first oper¬ 
and. For RX instructions, long operands must lie on a double word 
boundary and short operands must lie on a single word boundary (must 
be divisible by eight or four respectively). The result, normalized or 
unnormalized (as the instruction specifies) is returned to the even regis¬ 
ter (or register-pair) of the first operand, as specified by Rj. 

Additional comments pertaining to these instructions may be found 
on the following page. 


WORK AREA 


PROBLEM: 


Write Answers Here 


131. It is desired to form A + B (using 
short operands) and A - B (using 
long operands). 

Locations 

A - 3200 A + B - 3400 

B - 2200 A - B - 3600 


131. Instructions 


Write a program to accomplish this, 
using normalized instructions to find 
A + B and unnormalized instructions 
to find A - B. 
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UNIT 7. 


Lesson 46 




CORRECT 

ANSWERS 

PROBLEM: 



Remarks 

131. 

Instructions 


LD 

2 . 

3200 (0, 0) 

A (long operand) loaded into register 
pair 2. 

LER 

0 , 

2 

A (short operand) loaded into 
register 0. 

AE 

0 , 

2200 (0. 0) 

B (short operand) added to A 
(result norm. ) 

STE 

0 . 

3400 (0, 0) 

A + B (short operand) stored away. 

SW 

2 , 

2200 (0, 0) 

B (long operand) subtracted from A 
(result \innormalized). 

STD 

2 , 

3600 (0,0) 

A-B (long operand) stored away. 


Additional comments on ADD and SUBTRACT (floating point) 

Before addition (or subtraction) can proceed, the exponents of the 
two operands must be equal. If the exponents are not equal to begin 
with, the fraction of the operand with the smaller exponent is shifted 
to the right. For each shift of the fraction four bits to the right, the 
exponent is increased by one. This continues until the smaller exponent 
becomes equal to the larger one. 

The process of enlarging the exponent and at the same time making 
the fraction smaller, leaves the value of the entire number unchanged 
(except for the lowering of precision and truncation). 

After the addition (or subtraction) of the fractions, if the sum 
(difference) is too large to be a proper fraction (e. g. equal to or greater 
than 1), the oversized result is shifted four bits (one hexadecimal digit) 
to the right and the exponent is increased by 1. The largest value the 
exponent can have is IIIIIII 2 (which is 63 in excess 64 binary). An 
attempt to increase this largest possible exponent by 1 will result in an 
’’exponent overflow. ” When this occurs, the Condition Code is set to 
3, and an interruption may occur. 

When the fractions have been added (subtracted), the result is 
considered to be normalized if the high order hexadecimal digit is not 
zero (bits 8, 9, 11 are not all zeros). The result is considered to 

be unnormalized if these bits are all zeros. 
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UNIT 7. 


Lesson 47 


Halve: 


Instruction: 

HALVE: 34/HER Rj , R 2 (RR format, short operands) 

24/HDR Rj , R 2 (RR format, long operands) 

This instruction has the effect of "halving" the second opereind and 
placing it in the first operand location. The halving is accomplished 
simply by shifting the fraction to the right by one bit. No tests, nor¬ 
malization, exponent changes, or Condition Code changes occur. 


Examples: 






1. HER 

4 , 

2 






Sign 

exponent 

fraction 


operand before: 


0 

1000101 

0101 1101 

-- etc. 

operand after: 


0 

1000101 

0010 1110 

-etc. 

2. HDR 

6, 

0 






Sign 

exponent 

fraction 


operand before: 


I 

0111110 

0001 0100 

-etc. 

operand after: 


I 

0111110 

0000 1010 

-etc. 


Note that the sign and exponent are unaffected. The fraction 
alone is shifted right one bit. The result may or may not be 
in normalized form (in the first example it was normalized; 
in the second example it was not). 


WORK AREA 


PROBLEMS: 


Write Answers Here 


132. Working with long operands and 
using registers as necessary, 
take one eighth of the floating 
point number in register pair R2 
and leave the result in register 
pair R2. Show the necessary 
instructions. 

133. Working with short operands and 
using registers as necessary, 
form 3. 75 X (where X is initially 
in R6 and 3. 75 X is finally in R6 


132. Instructions 


133. Instructions 
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UNIT 7. 


Lesson 47 


CORRECT ANSWERS 


PROBLEMS: 

Remarks 

132. Instructions 


HDR 2, 2 

X/2 now in register pair R2 

HDR 2, 2 

X/4 now in register pair R2 

HDR 2, 2 

X/8 now in register pair R2 


133. 

Instructions 



HER 0, 6 

X/2 now in RO 


HER 0, 0 

X/4 now in RO 


AUR 6, 6 

2X now in R6 


AUR 6, 6 

4X now in R6 


SUR 6, 0 

3. 75X now in R6 


Note : As has been mentioned before, there is usually more than 
one satisfactory way to program a problem. The right 
answer must be obtained, of course. Beyond that, the pro¬ 
grammer is sometimes interested, above all, in conserving 
time; at other times he is willing to spend generous amounts 
of programming time to save computer running time, or 
storage space, or both. 
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UNIT 7. 


Lesson 48 


Multiply (Floating Point): This instruction has a number of options, 
as shown below; 

Instruction: 

MULTIPLY: 3C/MER Rj , R 2 (RR format, short operands) 

2C/MDR Ri , R 2 (RR format, long operands) 
7C/ME Rj , D 2 (X 2 , B 2 ) (RX format, short operands) 
6 C/MDRi,D 2 (X 2 , B 2 ) (RX format, long operands) 

The first operand (multiplicand) in the register-pair (for long 
operand) or even register (for short operand), as specified by R^ , is 
multiplied by the second operand (multiplier) as specified by R 2 (in the 
RR instructions), or by D 2 , X 2 and B 2 (in the RX instructions). 

In RX instructions, the second operand must lie on a double word 
boundary for long operands, or single word boundary for short operands. 

Multiplication is accomplished in the following manner: 

1. The operands are normalized (called pre-normalizing). 

2. The exponents are added. 

3. 64 is subtracted from the sum above (each exponent is in excess 64 
notation and the product must remain in excess 64, not excess 128). 

4. The multiplicand fraction is multiplied by the multiplier fraction. 

5. The result is normalized (if it is not already in normalized form -- 

called ’’post-normalizing’'). 

6 . The result (product) is stored back in the register pair of the first 

operand location. (Unlike the other instructions in this Unit, this 
result will be a long operand whether the multiplicand and multi¬ 
plier were long or short to begin with. ) The C. C. remains un¬ 
changed. 

Example and additional notes on the following page. 


PROBLEMS: 


WORK AREA 


Write Answers Here 


134. Instruction: MER 6 , 4 


134. 


a. Where will the multiplicand be 
found? 

b. Where will the multiplier be 
found ? 

c. Where will the product be fo\md? 


a. 


b. 


c. 


135. Find (A+B) x (C+D) 

RO contains A 
R2 contains B 
R4 contains C 
R 6 contains D 

R 6 is to contain the final answer. 
Show the necessary instructions. 


135. Instructions 
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UNIT 7. 


Lesson 48 


CORRECT ANSWERS 


PROBLEMS: 


Remarks 


a. R6 

b. R4 

c. Register pair R6 


Even in a short operand multiply 
instruction, the product will be 
found in the first operand register 
pair. 


Instructions 


AER 0, 2 
AER 6, 4 
MER 6, 0 


A+B now in RO 
C+D now in R6 

Product now in R6 (really in the 
register pair R6, but the low 
order 32 bits of the fraction 
may be ignored). 


Multiply example: 


multiplicand: 

multiplier: 

answer: 


.product will have 
correct sign ac¬ 
cording to the 
rules of algebra 


exponent 

1000011 

1000010 


fraction , . 

- (all zeros) 

1001 0000 - 0 

0101 0000 - 0 


1 1000101 0010 1101 


r 

'exponent of the 
product equals 
sum of exponent 
of multiplicand 
and multiplier 
less 64 - before 
post-normalizing. 


^the fraction of the 
product equals the 
product of the fractions 
of the multiplicand and 
multiplier - before 
post-normalizing. 


As a result of the multiply operation, it is possible for exponent 
overflow (or underflow) to occur. There will never be "significance 
exception" in a multiplication operation. 

Example: 

A zero factor will result in a zero product, but this is not taken 
as significance exception or exponent underflow. 
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Lesson 49 


Divide (Floating Point): This instruction has a number of options, as 
shown below: 

Instruction: 


DIVIDE: 3D/DER Ri , R 2 (RR format, short operands) 

2D/DDR Ri , R 2 (RR format, long operands) 

7D/DE Ri , D 2 (X 2 , B 2 ) (RX format, short operands) 
6 D/DD Ri , D 2 (X 2 ,B 2 ) (RX format, long operands) 

The first operand (dividend) in the register-pair (for long operand) 
or even register (for short operand) as specified by Rj , is divided by 
the second operand (divisor) as specified by R 2 (in the RR instructions), 
or by D 2 , X 2 and B 2 (in the RX instructions). 

In RX instructions, the second operand must lie on a double word 
boundary for long operands, or single word bo\mdary for short operands. 

Division is accomplished in the following manner: 

1. The operands are prenormalized. 

2. The exponent of the divisor is subtracted from the exponent of the 

dividend. 

3. 64 is added to the exponent (excess 64 binary arithmetic must be 

done very carefully, since the quotient must be in excess 64, 
not excess zero). 

4. The fraction of the dividend is divided by the fraction of the divisor. 

5. The result (fraction of the quotient) is right-shifted four bits (one 

hexadecimal digit) if it is oversize (not a proper fraction). The 
exponent of the result is reduced accordingly. 

6 . The result is stored back in the first operand location. 

7. The Condition Code remains unchanged. 

Example and additional notes on the following page. 


WORK AREA 

PROBLEMS: Write Answers Here 

136. A, B, C, and D are in RO, R2, 136. Instructions 

R4, and R6 respectively. 

Find: A x B x C and place in RO - 

D _ 

Show the necessary instructions. _ 


137. A, B, C, and D are in general 
registers as shown in the prob¬ 
lem above. 

Find: A and place in RO 

B X C X D 


137. Instructions 
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UNIT 7 


Lesson 49 


CORRECT ANSWERS 


PROBLEMS: 


136. Instructions 


MER 0, 2 
MER 0, 4 
DER 0, 6 


137. Instructions 


DER 0, 2 
DER 0, 4 
DER 0, 6 


Remarks 


The division could have been done first 
(into any one of the three factors), or 
second (into any one of the three partial 
products), or last, as shown here. 

It should be done whichever way would 
best minimize the possibility of exponent 
overflow or underflow and (perhaps sec¬ 
ondarily) yield greatest precision--de- 
pending on the particular problem data. 


The denominator of the fraction could 
have been ’’multiplied out” first. Mul¬ 
tiplication is faster than division. Also 
see note above regarding exponent 
overflow, underflow and precision. 


Divide Example: 


RO; 

R6: 

Sign 

1 

1 

exponent 

1000001 

1000010 

fraction 

0100 - 

1000 - 

(all zeros) 

---0 

---0 

Quot. for 

DER 0, 6: 

0 

0111111 

1000 - 

---0 

Quot. for 

DER 6,0: 

0 

X 

1000010 * 

0010 ^-- 

-0 * 

^correct 

algebraic 

sign 

'dividend 
less divisor 
+ 64 

'^fraction of dividend divided 
by fraction of divisor. 


^l^this quotient had to be adjusted by shifting the oversized fraction right 
4 places and increasing the exponent by 1. 

As a result of the divide operation, exponent overflow (or underflow) with 
possible interruption can occur. Floating point divide exception and 
possible interruption can also occur for a divisor of zero. If there is no 
interruption, the result will be zero, not infinity. 

A zero dividend will yield a zero quotient without a significance exception 
or exponent underflow. 
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RR general format: Op - Ri, R 2 
RX general format: Op - Rj , D 2 {X 2 , B 2 ) 


SUMMARY OF FLOATING POINT INSTRUCTIONS 


Title 

Op. 

Code 

Format, 

Operand 

Size,N/U* 

Action 

(Contents of. . ) 

Sign 

(-►becomes) 

Comments 

— 

Page 

Ref. 

LOAD 

38/LER 

28/LDR 

78/LE 

68/LD 

RR, short 

RR, long 

RX, short 

RX, long 

second oper¬ 
and is loaded 
into first 
operand 
location 

s 

(4 

CO 

0 

X 

4J 

CC and 

second 

operand 

remain 

unchanged 

113 

STORE 

70/STE 

RX, short 

first operand 
is stored in 
second oper¬ 
and location 

CO 

g 

'<3 

s 

<u 

CC and 

first 

operand 

remain 

unchanged 

113 

LOAD AND 
TEST 

32/LTER 

RR, short 

second oper¬ 
and is loaded 
into first op¬ 
erand location 


CC re¬ 
flects the 
state of 
second 
operand 

115 

LOAD 

COMPLEMENT 

33/LCER 

23/LCDR 

RR, short 

RR, long 

2nd operand 
complemented, 
placed in first 
operand loca¬ 
tion. 

reverses 

CC re¬ 
flects the 
state of 
converted 
operand 

115 

LOAD 

POSITIVE 

30/LPER 

20/LPDR 

RR, short 

RR, long 

2nd operand en¬ 

sured positive, 
placed in first 
operand location 

■ 

CC re¬ 
flects the 
state of 
converted 
operand 

115 

LOAD 

NEGATIVE 

31/LNER 

21/LNDR 

RR, short 

RR, long 

2nd operand en¬ 
sured negative, 
placed in 1st 
operand location 


CC re¬ 
flects the 
state of 
converted 
operand 

115 

COMPARE 

30/CER 

29 /CDR 

79/CE 

69/CD 

RR, short 

RR, long 

RX, short 

RX, long 

first operand 
compared with 
the second 
operand 

stays 

the 

same 

CC re¬ 
flects 
result of 
comparison 

117 

1 

ADD 

3A/AER 

2A/ADR 

3E/AUR 

2E/AWR 

7A/AE 

6A/AD 

7E/AU 

6E/AW 

RR, short (N) 
RR.long (N) 
RR, short (U) 
RR, long (U) 
RX, short (N) 
RX, long (N) 
RX, short (U) 
RX, long (U) 

second 
operand is 
added to the 
first 
operand 

M-l 

0 

QQ >s 

4 ) ^ 

CU 

0 ou 
u a 

result is 
returned to 
the even 
register 
(short) or 
register- 
pair (long). 

121 

SUBTRACT 

3B/SER 

2B/SDR 

3F/SUR 

2F/SWR 

7B/SE 

6B/SD 

7F/SU 

6F/SW 

RR, Short (N) 
RR, long (N) 
RR, Short (U) 
RR, long (U) 
RX, short (N) 
RX, long (N) 
RX, short (U) 
RX, long (U) 

second 
operand is 
subtracted 
from the 
first 
operand 

U 

g » 

bO (i 

result is 
returned 
to the 

even 
register 
(short) 
or reg¬ 
ister-pair 
(long). 

121 


* (N) normalized instruction 
(U) xxnnormalized instruction 
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Summary of Floating Point Instructions, Continued 


Title 

Op. 

Format, 

Action 

Sign 


Page 


Code 

Operand 

Size,N/U* 

(Contents of. . ) 

(-♦•becomes) 

Comments 

Ref. 

HALVE 

34/HER 

RR, short (U) 

2nd operand is 


no CC 

123 


24/HDR 

RR, long (U) 

halved and 
placed in 1st 
operand loc. 


change 



MULTIPLY 

3C/MER 

RR, short (N) 

first operand 


result 

125 


2C/MDR 

RR, long (N) 

(m'cand) is 


(product) 



7C/ME 

RX, short (U) 

multiplied by 


is stored 



6C/MD 

RX, long (N) 

the second 

a. 

back into 





operand 

a 

the regis- 





(multiplier). 

a 

ter pair 






u 

of tEe 






Q) 

bO 

first op¬ 







erand 







location. 






0 

CO 

CC re¬ 






0 

mains 






'3 

u 

unchanged 


DIVIDE 

3D/DER 

RR, short(N) 

first operand 

n 

result 

127 


2D/DDR 

RR, long (N) 

(dividend) 

o 

(quotient) 



7D/DE 

RX, short(N) 

divided by 

H 

o 

stored 



60/DD 

RX,long (N) 

second oper¬ 

bo 

back into 





and (divisor). 


1st oper¬ 
and loc. 

CC re¬ 
mains un¬ 
changed. 



132 




























UNIT 7 QUIZ 


WORK AREA 

PROBLEM: Write Answers Here 

138. Write a program to find: 138, Instructions 

(X + Y), and 

(X + Y) - 

X-Y - 

Use long format, normalized - 

instructions. 

u will be found at 2200 _ 

X will be found at 2208 _ 

Y will be found at 2216 _ 

Store at 222^ 

store (X+Y) at 2232 - 

Store (X+Y) at 2240 
X-Y 
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UNIT 7 QUIZ 


CORRECT ANSWERS 


PROBLEM: Remarks 

138. Instructions 


LD 

0 , 

2200 

(0) 

u is loaded into register pair RO. 

HDR 

0 , 

0 


u is halved. 

STD 

0 . 

2224 

(0) 

is stored. 

LD 

2 , 

2208 

(0) 

X is loaded into register pair R2. 

LD 

4, 

2216 

(0) 

Y is loaded into register pair R4. 

LDR 

6 , 

2 


X is also loaded into register pair R6 

ADR 

6 . 

4 


X+Y is formed in register pair R6. 

MDR 

0 , 

6 


product of and X+Y 

STD 

0 , 

2232 

(0) 

(X+Y) is stored. 

SDR 

2 , 

4 


X-Y is formed. 

DDR 

0 , 

2 


quotient is formed. 

STD 

0 , 

2240 

(0) 

1 stored. 


X-Y 
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UNIT 8. 


Lesson 50 


Format for Logical Instructions: The logical instructions described in 
this Unit will be covered briefly, including simple examples of the use of 
each instruction. Complete coverage of all possible uses is not intended 
and an experienced programmer will undoubtedly think of other, more 
complex, uses for many of these instructions. 

The SI Format: The letters ’’SI" have the connotation of "Storage Im- 
mediate, " This format is 32 bits (one word) in length, I 2 is not the 
address of the operand, but is itself the operand. 

I Op. Code I I 2 I Bi . Di . 


0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 


The instruction format is: Op Code - Di (Bi), I 2 


The SS Format: For logical instructions, the SS format (shown below) 
differs slightly from the SS format for decimal instructions. 


Op. Code 


L 


Bi 


Di 


B2 


D2 


0 7 8 15 16 19 20 31 32 35 36 47 

The instruction format is: Op Code - D (L, B ), D (B ) 


Note that there is only one length code. The length code will speci¬ 
fy from 1 to 256 bytes. If more than one byte is specified in positions 
8-15, they will be sequential addresses in addition to the first byte 
addressed. In most cases, the length specified will apply to both oper¬ 
ands. 

Example: |l.0,Q,0.0,l.l,l| *^ -portion of logical instruction 

8 15 -- SS format 

This specifies 136 sequential bytes, starting with the first byte 
address, which is specified by Di and Bi. 


WORK AREA 


PROBLEM: 


Write Answers Here 


139 . Op. Code - 3200 (0), 10 


139. 


a. What is the address of the first 

operand? 

b. What is the value of the second 

operand? 


a. 


b. 


140. Op. Code - 213 (14,3), 313 (3) 

Assume that R3 contains 12, 288. 


140. 

a. 


a. What will be the address of the 

last byte of the first operand? 

b. What will be the address of the 

last byte of the second operand? 


b. 


^'You will recall that the number of bytes specified by the length code is 
one more than the value of the length code itself; the value could be 
thought of as the number of bytes in addition to the addressed byte. 









UNIT 8. 


Lesson 50 


CORRECT ANSWERS 


PROBLEM: 


Remarks 


139. 

a. 

3200 

Always remember that I 2 is 




a value, not a register 


b. 

10 

reference. 

140. 

a. 

12515 

213 + 12288 + 14 = 12515 


t>- 12615 313 + 12288 + 14 = 12615 


The first operand will 
occupy bytes 12501 through 
12515 inclusive; the second 
operand will occupy bytes 
12601 through 12615 inclusive. 


136 


UNIT 8. 


Lesson 51 


Move Instructions: Two move instructions will be discussed in this 
lesson; the Move Immediate and the Move-Storage to Storage. 


Instruction: 

MOVE IMMEDIATE: 92/MVI Di (Bi), I 2 

The second operand (I 2 ) is placed into storage at the first oper¬ 
and location (as given by and Bx). Note that I 2 itself is the operand 
which is used; a one byte operand. The Condition Code remains un¬ 
changed. 


Example: 


MVI 4000 (0), 25 
MVI 4000 (0), OOOIIOOI 2 
MVI 4000 (0), 19 HEX 


All of the above instructions have the effect of storing the bits 
00011001 at byte location 4000. 


Instruction: 


MOVE (Storage to Storage) D2/MVC Di (L, Bi), D 2 (B 2 ) 

The second operand (location specified by D 2 and B 2 ) is moved 
to the first operand location (as specified by Di and Bi). The operand 
is moved one byte at a time (without change or inspection) starting at 
the high order byte, and working through the L additional bytes. The 
operand areas may overlap as desired. The Condition Code is unchanged. 


Examples: 

1. MVC 3000 (2, 0), 3003 (0) 


After execution of this instruction, whatever was in byte loca¬ 
tions 3003, 3004 and 3005, will also be in byte locations 3000, 3001 and 
3002 respectively. 


2. It is desired to have 60 bytes (of the type 1010010 12 ) in byte lo¬ 
cations 3200 through 3259. The following two instructions would accom¬ 


plish this: 


MVI 3200 (0), A5 (HEX) 
MVC 3201 (58, 0) 3201 (0) 


(the pattern 10100101-[A5 in HEX] 
is in loc. 3259) 

(byte loc. 3200 is moved to 3201, 
then 3201 is moved to 3202, etc., 
until the 59 moves complete the 
pattern of 60 bytes.) 


PROBLEM: 


WORK AREA 

I Write Answers Here 


141. It is desired to move two hundred 
full word integers. They start at 
location 1260 (beginning of the first 
word) and end at location 2059 (the 
end of the last word). They must 
be moved to new locations, starting 
at 3296. 

This could be accomplished by 
using L and ST instruction pairs, or 
LM and STM pairs. Do it by using 
four MVC instructions. 


141. Instructions 



UNIT 8. 


Lesson 51 


CORREC T ANSWERS 


PROBLEM: 

141, Instructions 

MVC 3296 (199, 0), 1260 (0) 
MVC 3496 (199,0), 1460 (0) 
MVC 3696 (199, 0), 1660 (0) 
MVC 3896 (199, 0), I860 (0) 


Remarks 

The MVC instruction allows for 
the movement of full word in¬ 
tegers, half word integers, short 
and long operand floating point 
numbers, decimal numbers, and 

alphanumeric characters-all 

a byte at a time. 

If half words, full words, or 
double words are being moved, 
remember to multiply by two, 
four, or eight respectively to 
determine the number of bytes 
to be moved. 
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Lesson 52 


Insert and Store Character: These two instructions operate on a single 
bit character (one byte long). 

Instruction: 

INSERT CHARACTER: 43/lC Rj , D 2 {X 2 , B 2 ) 

The second operand (which is one byte long) is obtained from 
storage (as specified by D 2 , X 2 and B 2 ) and is placed in bit positions 
24 through 31 of the first operand location (as specified by Ri). Bits 
zero through 23 of the first operand remain undisturbed. The Condi¬ 
tion Code remains unchanged. 

Instruction: 

STORE CHARACTER: 42/STC Rj , D 2 (X2,B2) 

This instruction is the reverse of the Insert Character instruc¬ 
tion. Bits 24 through 31 of the first operand are placed in storage at 
the byte location of the second operand. The Condition Code remains 
unchanged. 

Examples: 

1. IC 3, 1200 (1, 2) 

This instruction would insert the single byte second operand 
obtained from storage into bits 24-31 of R3. 

2. STC 13, 857 (14, 15) 

This instruction would store bits 24-31 of R13 into the storage 
byte location of the second operand. 


WORK AREA 

PROBLEMS: Write Answers Here 

142. A series of bytes are being 142. Instructions 

processed (method and reason 
for the processing are of no 

concern to this problem. ) - 

Bring a ’’raw*' byte into the low- 

order position of R2 from - 

storage location 3333 and store 
a ’’processed” byte, found in 
the low-order position of R3, 
back into the same storage 
location. 

Show the necessary instruc¬ 
tions. 
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UNIT 8. 


Lesson 52 


CORRECT ANSWERS 


PROBLEM: 


Remarks 


142. Instructions 

IC 2, 3333 (0, 0) 
STC 3, 3333 (0, 0) 


As mentioned on the previous 
page, we are not here concerned 
with the various types of byte- 
processing which can be accom¬ 
plished with these instructions. 


Transliteration, bytewise 
''gather-scatter*' operations, 
certain types of encription and 
description, as well as process¬ 
ing of certain formats of variable 
length experimental data are 
some of the applications which 
might be facilitated by the use 
of these instructions. 
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Lesson 53 


Boolean Logical Instructions: The instructions to be discussed in this 
category are the Logical AND, Logical OR, and Exclusive OR instruc¬ 
tions, There are several options for each instruction. 

Instruction: 

AND 14/NR Ri, R 2 (RR format, one word operands) 

54/N Ri , D 2 {X 2 , B 2 ) (RX format, one word operands) 
94 /NI Di (Bi), I 2 (SI format, one byte operands) 

D4/NC Dj (L, Bi),D 2 (B 2 )* (SS format, one to 256 bytes) 


The individual bits of the first operand are "ANDed” with the corres¬ 
ponding bits of the second operand. The result is returned to the first 
opereind location. 

"ANDing” is accomplished bit-by-bit as shown in the following table: 


bit from 
first operand 

corresponding bit 
from second operand 

corresponding bit 
in the result 

0 

0 

0 

0 

1 

0 

1 

0 

0 

1 

1 

1 


It can be seen from the table that only if the corresponding bits of 
the first operand AND (hence the term) the second operand are both 
ones, will the corresponding bit of the result be a one. 


Examples: 


1st operand 

0 0 1 of 

l]i 0 IT 

11111111 

1 1 

1 

1 

1 

000 

2nd operand 

0 1 0 l[] 

ijo 0 jl 

00000000 

0 0 


1 

1 

1 1 1 


result 00001001 00000000 00111000 


Notice that the "ANDing” is always bit-by-bit (e. g. bit 2 of first 
operand is "ANDed" with bit 2 of second operand to give bit 2 of the 
result). If the result is all zeros, the Condition Code will be zero; 
otherwise the C. C. will be one. C.C. of 2 or 3 is not possible with 
these instructions. 


Instruction: 


OR: 


16/OR 

56/0 

96/01 

D6/OC 


Ri, R 2 

Rl, D2(X2.B2) 
Di (Bi), I 2 
Di(L,Bi),D2(B2) 


(RR format, one word operands) 
(RX format, one word operands) 
(SI format, one byte operands) 
(SS format, one to 256 bytes) 


The individual bits of the first opereind are "OR-ed" with the corres¬ 
ponding bits of the second operand. The result is returned to the first 
operand location. 


bit from 
first operand 

corresponding bit 
from second operand 

corresponding bit 
in the result 

0 

0 

0 

0 

1 

1 

1 

0 

1 

1 

1 

1 


*When only one "length" is indicated in the SS format, this signifies that 
the lengths are the same for both operands. 
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Lesson 53 


As the table indicates, if either one OR the other (hence the term) or 
both of the bits in the two operands is one, the result will be one. Zero 
will be obtained only if the corresponding bits in both operands are zero. 
The OR operations also proceed bit-by-bit, as in the AND operations. 

If the result is all zero, the C. C. will be zero, otherwise it will be 
one (never 2 or 3 with these instructions). 

Examples: 

1st operand 00101010 

2nd operand 01111001 

result 01111011 


00000000 

11111111 

11111111 


Instruction: 


EXCLUSIVE OR: 

17/XR Ri,R 2 
57/X Ri, D2(X2,B2) 

97/XI Di(Bi), I 2 
D7/XC Di(L,Bi), D2(B2) 


(RR format, one word operands) 
(RX format, one word operands) 
(SI format, one byte operands) 
(SS format, one to 256 bytes) 


The individual bits of the first operand are ’’Exclusive OR-ed” with 
the corresponding bits of the second operand. The result is returned 
to the first operand location. 


bit from 
first operand 

corresponding bit 
from second operand 

corresponding bit 
in the result 

0 

0 

0 

0 

1 

1 

1 

0 

1 

1 

1 

0 


If the bit from the first operand or the corresponding bit from the 
second operand (but not both -hence ’’exclusive OR”) is one, the corres¬ 
ponding result will be one. As in the previous operations, the exclusive 
”OR-ing” proceeds bit-by-bit. If the result is all zero, the C.C. will 
be zero, otherwise it will be one (never 2 or 3 ^th these instructions). 

Examples: 


1st operand 
2nd operand 
result 


1 1 1 0 0 0 1 0 
1 1 0 0 1 0 0 1 
0 0 10 10 11 


0 11110 0 0 
0 110 0 10 0 
0 0 0 1 1 1 0 0 


142 




UNIT 8. 


Lesson 53 


It may be easier to summarize these instructions in the following 
manner: 


AND only |l l| comb. = 1 

OR only |QQ| comb. = 0 

Excl.OR onlv IlOl or lOll 
comb. = 1 


(all other combinations = 0) 
(all other combinations = 1) 

(both zeros or both ones = 0) 


WORK AREA 


PROBLEMS: 


Write Answers Here 

143. 

AND the following numbers: CC = ? 

143. 

result in 1st oper¬ 
and location 

a. 

1st operand 
2nd operand 

1 1 0 0 0 0 1 1 

0 0 0 1 1 0 0 0 

a. 

cc= 

b. 

1st operand 
2nd operand 

0 10 10 10 1 
11111111 

b._ 

cc= 

c. 

1st operand 
2nd operand 

0 1 0 0 1 0 0 1 

0 0 1 0 0 1 0 0 

c. 

cc= 

144. 

OR the numbers in problem 

143 above. 

144. 

a. 

cc= 




b._ 

cc= 




c. 

cc= 

145. 

Exclusive OR the same numbers. 

145. 





a. 

cc= 




b._ 

cc= 




c. 

cc= 
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Lesson 53 


CORRECT ANSWERS 


PROBLEMS: 


143. a. 00000000 

b. 01010101 

c. 00000000 


CC 

0 

1 

0 


Remarks 


One use of AND instruc¬ 
tions is to mask out unwant¬ 
ed items. 


144. 


a. 

1 

1 

0 

1 

1 

0 

1 

1 

b. 

1 

1 

1 

1 

1 

1 

1 

1 

c. 

0 

1 

1 

0 

1 

1 

0 

1 


CC 

1 

1 

1 


One use of OR instructions 
is to search out information 
from whichever of two 
places it may be located. 


CC 


145. 

a. 

1 

1 

0 

1 

1 

0 

1 

1 

1 


b. 

1 

0 

1 

0 

1 

0 

1 

0 

1 


c. 

0 

1 

1 

0 

1 

1 

0 

1 

1 


One use of Exclusive OR 
instructions is to selectively 
invert bits (l*s in the mask 
cause bits in the operand to 
be inverted; 0*s do not. ) 


Note: Since two identical patterns Exclusive OR-ed together result 
in all zeros, the XC instruction with first and second operands the 
same, will have the effect of zeroing that field. 
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Lesson 54 


Compare Logical Instructions: These compare instructions are differ- 
ent from comparison instructions previously studied in that sign signi¬ 
ficance is not taken into accoxmt. The bits are compared from left to 
right between operands until a dissimilarity is found. If it is not foimd, 
the operands are equal. 

Instruction: 

COMPARE LOGICAL: 

15/CLR Ri,R 2 (RR format, one word operands) 

55/CL Ri, D 2 (X 2 ,B 2 ) (RX format, one word operands) 

95/CLI Dj (Bj), I 2 (SI format, one byte operands) 

D5/CLC Di (L, Bi),D 2 (B 2 ) (SS format, one to 256 bytes) 

The first operand is compared with the second operand. The oper¬ 
ands may come from general register, storage, or the instruction, de¬ 
pending on the format being used. Neither operand is changed, but the 
Condition Code will reflect the result of the comparison. 


Result of Comparison C. C. 

operands are equal 0 

first operand is low 1 

first operand is high 2 


C. C. will never be 3 with these instructions. 

If a dissimilarity is found, the operand with its leftmost dissimilar 
bit equal to zero is smaller than the operand with its leftmost dissimilar 
bit equal to 1. Codes which might in some contexts be equivalent (such 
as signs of decimal numbers) or invalid, will be taken at their face 
value by these instructions. 

Example: CLI 3200 (0) 40 (HEX) 

Assume that a floating point number starts at byte 3200. Since 40 
(HEX) is |0. 1.0.0.0.0.0.0[ in binary, a C. C. of 1 would indicate 

^ exponent 

that the number is positive and has a negative exponent. 


PROBLEM: 


WORK AREA 


146. Which one of the following operands 
(expressed in binary) is larger: 


(1) 

0000 

0000 

1001 

1011 

(2) 

1001 

0000 

0111 

1010 


a. if they are considered to be half-word 

integers ? 

b. if two byte decimal numbers? 

c. if high-order portion of floatingpoint 

numbers ? 


d. if compared logically? 


Write Answers Here 
146. 

a. 


b. 


c. 


d. 
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Lesson 54 


CORRECT ANSWERS 


PROBLEM: 


Remarks 


146. 

a. 

1st operand 

The number whose sign (left-most 
bit) is zero is larger than the num¬ 
ber whose sign is one. 


b. 

2nd operand 

The number whose sign (right hand 
four bits) is positive (1010 is posi¬ 
tive; 1011 is negative) is larger. 


c. 

1st operand 

Positive number is larger regard¬ 
less of exponent and fraction. 


d. 

2nd operand 

Starting at the left-most bit posi¬ 
tions, bits are compared. A ”1" 


is considered to be larger than a 
"0. " Comparison proceeds from 
left to right until an inequality is 
found. 

Since, in example d.above, the first 
operand is low, C.C. = 1. (If no 
inequality is found, C.C. = 0. ) 
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Lesson 55 


Add and Subtract Logical: 




Instruction: 

ADD LOGICAL: lE/ALR Rj, R 2 

5E/AL Ri, D 2 (X 2 , B 2 ) 

Instruction: 


(RR format) 
(RX format) 


SUBTRACT LOGICAL: 

IF/SLR Ri, R 2 (RR format) 

5F/SL Ri, D 2 (X 2 i B 2 ) (RX format) 


The above four instructions behave exactly like AR, A, SR, and S 
respectively (refer to pages 79 and 80) insofar as all operands are con¬ 
cerned. The difference in behavior of the two sets of instructions is in 
the resulting Condition Codes and their significances. 


Result of Add or Subtract Logical CC will be: 


zero, no carry^' 0** 

non-zero, no carry'll 1 

zero, carry 2 

non-zero, carry'll 3 


'J^out of bit position zero. 

'i^'J^cannot occur in subtract logical 

Note that these Condition Code results and meanings are quite dif¬ 
ferent from those of the other group of instructions. 

+ The terms ’’add logical" and "subtract logical, " as used in connection 
with these instructions, do not imply any of the following: "sum without 
carry, " "difference without borrow, " or "bit-by-bit addition (subtrac¬ 
tion). " 


PROBLEM: 


WORK AREA 

I Write Answers Here 


147. The full word binary integer (X) 
starts in byte location 2000; a similar 
integer (Y) starts at 2004. 


147. 


Loc. 

3000 


The two numbers are to be squared, 
the squares of the numbers (double 
word) are to be added together, and 
the resulting double word "sum of 
squares" is to be stored starting at 
byte location 2008. 


Write the necessary instructions. 
The first instruction will be in loca¬ 
tion 3000 - Assume contents of 
RI = 1. 


Instructions 


Your sequence of instructions may 
be somewhat different from that 
shown in the answer on the following 
page, but your program should ac¬ 
complish the same purpose as the 
answer shown. 
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Lesson 55 


CORRECT ANSWERS 


PROBLEM: 


Remarks 


147. 


Log. Instruction 


3000 L, 3, 2000 (0, 0) 
3004 L, 5, 2004 (0, 0) 
3008 MR 2, 3 

3010 MR 4, 5 

3012 ALR 3, 5 


3014 BC 11002,3 0 2 0 (0 , 0) 

3018 AR 2, 1 

3020 AR2,4 

3022 STM 2, 3, 2008 (0) 


X and Y now in odd registers 

xj^ now in R2 and R3 

now in R4 and R5 

Low order portions of X^ and 
Y2 are added together. Sum 
is in R3. Possible carry 
from ’’sign" position. 

Branch over the next instruc¬ 
tion if carry to high order is 
not needed. 

Add 1 (assume that Rl con¬ 
tains a 1) to high order if 
needed. 

R4 operand added to "adjusted 
R2 operand; sum in R2. 

The Store Multiple stores R2 
and R3 starting at byte loca¬ 
tion 2008. 


Note 1: RR instructions occupy two bytes, while RX instructions occupy 
four bytes. This is the reason for the apparent irregularity of the byte 
addresses of the instructions. In practice, most programming is 
assembled or compiled and the bookkeeping chore of keeping track of 
where to branch is accomplished by the assembler or compiler. 


Note 2: At byte location 3012, the ALR instruction was called for 
since a test for carry out of the "sign" position (which was really data 
in the double length products) was then made. 


Note 3: The test (accomplished by the BL instruction) had to be made 
before any further instructions that might have changed the Condition 
Code. The test would not have had the same effect if it had followed 
the AR 2, 4 instruction. 
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Lesson 56 


Logical Shifts: These shifting instructions have the RS format. 


Instruction: 


LOGICAL SHIFT: 

89/SLL Ri, D 2 (B 2 ) 
88/SRL Ri, D 2 (B 2 ) 
8D/SLDL Ri, D 2 (B 2 ) 
8C/SRDL Ri, D 2 (B 2 ) 


(Shift left single - logical) 
(Shift right single - logical) 
(Shift left double - logical) 
(Shift right double - logical) 


These instructions cause a shift of the first operand (specified by 
Ri for SLL and SRL, or by Ri even for SLDL and SRDL). The shift 
will be left (SLL, SLDL) or right (SRL, SRDL) the number of bit posi¬ 
tions (as specified by D 2 and B 2 ). 

Unlike arithmetic shifts, logical shifts are ”zeros in and bits out 
and lost” in either direction of shift. 


Examples: 


Left Shift 


“bits out and lost 


—'Mo 

0*s in 




/left end of \ 

/right end of \ 

1 register or 1 

I register or i 

Uagister-pair; Right Shift 

\register-pair/ 



^0*s in 

bits out and lost 

WORK AREA 


PROBLEMS: 

148. Instructions: 

SLL 5, 8 (0) 

SRL 5, 16 (0) 

SLL 5, 8 (0) 

What will be the final effect in R5? 

149 . Just using the logical shift 
instructions, zero the middle 16 
bits of a general register (use R3) 
and leave the two outside 8 bits as 
before. Show the instructions you 
would use. (R2 is also available. ) 


Write Answers Here 
148. 


149 . Instructions: 


xxxxxxxxooooooooooooooo oxxxxxxxxl 

This is how R3 should look after shifting 
completed. 


149 
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CORRECT ANSWERS 


PROBLEMS; 


Remarks 



XXX-- 


-XXX 


XXX- 


-xxxoooooooo 


before shifts 

after first shift 
lost after second shift 


OOOOOOOOOOOOOOOOXXX-XXX XXXXXXXXOOOOOOOO 


ooooooooxxx-^xxxoooooooo 




middle half of word 
as in the beginning 

outside half of word all zeros ^ 


after third shift 


149. Instruction s: 

SLDL 2, 24 (0) 

SRL 3, 16 (0) 
SRL 2, 16 (0) 

SRDL 2, 8 (0) 


Comments 


High order 24 bits of original con¬ 
tents of R3 have shifted into low 
order position of R2; 8 remaining 
original bits of R3 are still there 
(now in high order position). 

16 zeros have been ’’dragged” into 
the high order position of R3. 

Middle 16 bits of original contents 
of R3 have been shifted out of R2 
and lost. 

Original high order 8 bits of R3 
are now back in place (as are the 
original low order 8 bits). The 
middle 16 bits are zero. 

This same result could have been 
achieved by using the AND instruc¬ 
tions . 
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Load Address: This instruction is somewhat different from the previ- 
ous instructions in that it treats the address of the second operand as 
if it were the operand itself. 

Instruction: 


LOAD ADDRESS: 41/LA Rj, D 2 (X 2 , B 2 ) 


The address of the second operand (as determined by D 2 , X 2 and B 2 ) 
is placed in the first operand location (the general register specified by 
Ri). The complete address will occupy the low order 24 bits of R^, The 
high order 8 bits will be made zero 


address 


0 0 0 0 0 0 0 0 


0 1 2 34 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 
There will be no change in the Condition Code. 


Examples: 


1. LA Ri, D2 (0,0) 


2. LA 0, 7 (0, 0) 
LCR 0, 0 


Since zeros for X 2 and B 2 means no 
incrementing (it does not mean iii^ 
crementing by contents of RO), this 
instruction now has the effect of 
placing the positive constant 
D 2 into the general register speci¬ 
fied by Rj. Ri may be any one of the 
16 general registers, including RO. 

This would have the effect of putting 
the constant -7 into RO. 


3. LA 3, 0 (1, 2) This would have the effect of taking 

the sum of the addresses in Rl and 
R2, and placing it in R3. 

In this example, if one had been working with two base/index regis¬ 
ters (Rl and R2 in this case) using RX type instructions and now RS, 

SI, or SS type instructions need to be used, the single register R3 will 
contain the double ’’offset" of Rl and R2. 


WORK AREA 


PROBLEMS: 

150. LA 7, D 2 (7, 0) 

What effect does this instruction 
have ? 


150. 


Write Answers Here 


151. LA 6, 0 (0, 0) 

What is the effect of this 
instruction? 


151. 


151 
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CORRECT ANSWERS 


PROBLEMS: 


Remarks 


150. Increments R7 by the amount 
of D 2 . 


Any general register except 
RO can be incremented in 
this manner. 


151. It makes R6 zero 
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Testing and Translating Instructions: There are three instructions in 
this category. Two will be covered in this lesson and the third in the 
following lesson. 

Instruction: 


TEST UNDER MASK: 91/TM Di (Bi), I 2 

The second operand (which is I 2 itself) constitutes a ’’mask" with 
which to examine the single byte (eight bits) at the first operand address 
(as specified by and B^). For each bit position in the mask, the cor¬ 
responding bit in the byte being examined (first operand) will be tested. 
For each bit position that is zero in the mask, the corresponding bit in 
the first operand will be ignored. 

The purpose of this instruction is to set the Condition Code, after 
which some action may be taken as a result of the test. 

Result of the test Condition Code 

Bits in tested byte corresponding to l*s 0 

in the mask are all zeros (if the bits in 
the mask itself are all zeros, the result 
will also be a CC of zero. 

Bits in tested byte corresponding to l*s 1 

in the mask are mixed zeros and ones 

Bits in tested byte corresponding to l*s 3 

in the mask are all l*s 

(CC will never be 2 as a result of this instruction) 

Example: There are 128 bytes in a group, starting at location 3200. 

Each byte in the group has a random configuration. Does any byte in 
the group have the arbitrary configuration 10100001? 

One solution to this problem could be as follows: 


Loc. 

Instruction 

Comments 

2000: 

LA 6, 128 (0, 0) 

R6 is loaded with 128. 

2004: 

TM 3199 (6), OIOIIIIO 2 

The byte is tested for zeros in 

2008: 

BC IOOO 2 , 2020 (0, 0) 

the required location. 

If zeros in right place, go to 

2012: 

BCT 6, 2004 (0, 0) 

2020 to test for ones. 
Decrement R6, branch to 2004 

2016: 

BC IIII 2 , D 2 (0,0) 

if not then zero. 

D 2 will be the address of the 

2020: 

TM 3199 (6), IOIOOOOI 2 

’’not found’’ continuation of 
the program. 

The byte (having passed the 

2024: 

BC IIIO 2 , 2012 (0,0) 

zero test) is tested for ones 
Branch back to 2012 if ones 

2028: 

"foimd" continuation of 
of the program. 

test fails. 

Note: Masks have been dis- 

played in binary for greater 


clarity. Normally they would 
be specified in hexadecimal 
or decimal. 
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Instruction: 

TRANSLATE: DC/TR Di (L, Bi), D 2 (B 2 ) 

The first operand is examined one byte at a time, proceeding 
from high order to low order (left to right). The length of the operand 
is specified by L and consists of L + 1 bytes, starting at the address 
specified by Diand Bi- 

Each byte in turn constitutes an ’’argument” to reference a cor¬ 
responding byte (a ’’function” byte) in the list (or group of bytes) start¬ 
ing at the second operand address (as specified by D 2 and B 2 ). 

Referencing is accomplished in the following manner: 

1. The address (D 2 ) is incremented by the contents of the general 
register specified by B 2 (in the usual manner). 

2. This list address, or starting address, is further incremented by 
the actual value of the particular byte of the first operand which is 
currently being examined (the ’’argument” byte). 

3. The byte at this final address is the byte corresponding to the par¬ 
ticular ’’argument” byte being examined (the ’’function” byte). 

4. After it has been examined, each ’’argument” byte is replaced by the 
’’function” byte which it was instrumental in locating. 

5. The second operand list is not altered (unless it is overlapped by the 
first operand list, which is altered). The Condition Code remains 
unchanged. 

Example: Suppose that a string of bytes in a special ’’biquinary code” 

is to be converted into EBCDIC as shown in the following table: 


byte in special 
Biquinary Code 

If translated into 
decimal numbers 

Code desired 
(EBCDIC) 

00100001 

0 

11110000 

00100010 

1 

11110001 

00100100 

2 

11110010 

00101000 

3 

11110011 

00110000 

4 

11110100 

01000001 

5 

11110101 

01000010 

6 

11110110 

01000100 

7 

11110111 

01001000 

8 

11111000 

01010000 

9 

11111001 


Now, suppose the following command were given: 
TR 2500 (7,0), 2383 (0) 


Then, referring to the ’’translation” table above, examine the 
following table: 
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Possible argument 
byte in special 
Biquinary Code 

Amount that 
will be add¬ 
ed to the 
second oper¬ 
and address 
by the argu¬ 
ment byte 

Resulting 

Address 

What must have 
been stored at 
"resulting address" 
in anticipation 

00100001 

33 

2416 

11110000 

00100010 

34 

2417 

11110001 

00100100 

36 

2419 

11110010 

00101000 

40 

2423 

11110011 

00110000 

48 

2431 

11110100 

01000001 

65 

2448 

11110101 

01000010 

66 

2449 

11110110 

01000100 

68 

2451 

11110111 

01001000 

72 

2455 

11111000 

01010000 

80 

2463 

11111001 


An examination of these two tables will show that each of the seven 
’’argument" bytes of the first operand is "looked up" (on the basis of 
its address contribution) in the function table designated by the second 
operand, causing the desired translation to occur. 

In general (as in this example) the size of the function table may well 
be larger than the number of items to be translated. In this example, 
the size of the function table ranges from 2416 through 2463 inclusive. 

If the size of the function table should be larger than the number of 
items to be translated, the cells in the function table which are not 
used for function values are available for other uses (storage of con¬ 
stants, etc. ) 


PROBLEMS: 


WORK AREA 

I Write Answers Here 


152. Suppose the instruction in the 
example (pg. 154) had been: 

TR 2700 (255, 0) 2383 (0) 

What would be the inclusive ad¬ 
dresses of the bytes being trans¬ 
lated? 

153. Suppose also that we wished 
to translate from EBCDIC to the 
Biquinary Code. 

Where would the first and last 
bytes of the function table be, 
and what would they contain? 


152. 


to 


153. First byte: 
Location 
Contents 

Last byte: 
Location 
Contents 
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CORRECT ANSWERS 

PROBLEMS: Remarks 

152. 2700 to 2955 inclusive 

153. First byte: 

Location 2623 2383 + 240 

(1111 OOOO 2 = 240) 

Contents 0010 0001 Biquinary code for zero 

Last byte: 

Location 2632 2383 + 249 

(1111 1001 = 249) 

Contents 0101 0000 Biquinary code for 9 
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Translate and Test: 


Instruction: 

TRANSLATE AND TEST: DD/TRT Di (L,Bi), D2(B2) 

The first operand is examined one byte at a time, proceeding from 
high order to low order (left to right). The length of the operand is 
specified by L and consists of L + 1 bytes, starting at the address 
specified by Di and Bi- 

Each byte in turn constitutes an ’’argument” to reference a corres¬ 
ponding byte (a ”f\mction” byte) in the list (or group of bytes) starting 
at the second operand address (as specified by D 2 and B 2 )« 

The list referencing is done by incrementing this starting address 
by the value of the byte of the first operand being examined. To this 
extent, TRT (Translate and Test) operates in the same manner as TR 
(Translate). The two instructions differ as to what is done with the 
’’function” byte of the second operand corresponding to the ’’argument” 
byte of the first operand. 

In Translate, each ’’function” byte replaces its corresponding ’’argu¬ 
ment” byte. In Translate and Test, no such replacement occurs and 
the first operand also remains unchanged. What does happen is as 
follows: 


1. The ’’function” byte corresponding to the ’’argument” byte is ex¬ 
amined. 

2. If the ’’function” byte is all zero, this signals the end of a ’’byte 
cycle” and the next ’’argument” byte is selected. It’s correspond¬ 
ing ’’function” byte is examined, etc. \mtil a ’’function” byte is 
found that is not all zero. 

3. When a ’’function” byte being examined is not all zero, this consti¬ 
tutes a ’’find” and signals not only the end of a ’’byte cycle, ” but the 
end of the search as well. 

4. If no non-zero ’’function” byte is found the C. C. is set to zero. 

5. If the final ’’argument” byte produces the ’’find, ” the C.C. is set 
to 2. 

6 . If an earlier ’’argument” byte produces a ?’find, ” the C.C. is set 
to 1. 

7. When a ’’find” occurs, the address of the ’’argument” byte occasion¬ 
ing the ’’find” is placed in the address position of Rl (bits 8-31) 
without disturbing bits 0-7. 

8 . The ’’find” (the ’’function” byte itself) is placed in the low order po¬ 
sitions of R2 (bits 24-31), without disturbing bits 0-23. 

Note: General registers 1 and 2 (Rl and R2) are special purpose regis- 
ters for the Translate and Test instruction. (Example on follow - 

_ing page. )_ 


WORK AREA 


PROBLEM: 

154. TRT 3507 (15,3), 0 (3) 

Assume that the resulting C. C. is 0. 


Write Answers Here 

154. 

a. 


a. How many bytes were tested? 


b. 


b. What will be in R1 ? 

c. What will be in R2? 


c. 
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CORRECT 

ANSWERS 

PROBLEM; 


Remarks 

154. a. 

16 

A "no find" implies that all 
bytes specified were tested. 

b. 

no change 

Rl and R2 will reflect the 
result of a "find, " but will not 

c. 

no change 

change for a "no find. " 


Example: It is desired to recognize only the following characters: 

Character Bit Representation (EBCDIC) 


# 

$ 

% 


0111 1011 
0101 1011 
0110 1100 


These characters are to be used as “delimiters" of some text 
material being scanned. Assume that the text material "continues" as 
byte address 15759 (which is 12, 288 + 3507 - 12, 288 = 3 x 4096). 


The bytes of the three "delimiters" have the decimal values of 
123, 91 , and 108 respectively. 


The bytes in the "function" list addresses 12,288 through 12,543 
(comprising the entire "function" list) must all be zero except for ad¬ 
dresses 12,411 (12,288 + 123) which should not be zero, but could pos¬ 
sibly be 123; 

12 , 379 (12, 288 + 91) which could be 91; 

12, 396 (12, 288 + 108) which could be 108. 


Assuming that R3 contains 12,288, the command: 

TRT 3507 (15, 3), 0 (3) 

would cause the next 16 bytes of the text material to be examined for 
"delimiters. " If none of the 16 bytes being tested contains a "delimiter, 
the C.C. will be zero. If one or more of the bytes of text material con¬ 
tains a "delimiter, " the C.C. will be one, except that if only the last 
byte is a "delimiter, " the C. C. will be 2. 

The first non-zero "function" byte found will be in the low order 8 
bits of R2. The address of the "argument" leading to this "find" will 
be in the low order 24 bits of Rl. (This address, then, may perhaps 
be the starting point for continuing the search for "delimiters. ") 

Any further action to be taken would depend on the significance of 
the "delimiters. " 


'J^The manner in which base registers are used with multiples of 4096 
as their contents is discussed in Unit 10. 
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SUMMARY OF LOGICAL INSTRUCTIONS 


Title 


Op 

Code 


Action 
(contents of. 


Sign 
[('-►becomes) 


Comments 


Page 

Ref. 


MOVE 

IMMEDIATE 


92/MVI 


2nd operand is 
placed into stor¬ 
age at 1st oper¬ 
and loc. 


the 2nd operand (I 2 ) 
is the operand (one 
byte) itself. 


MOVE 
(Storage to 
storage) 


D2/MVC 


as above 


2nd operand moved 
one byte at a time, 
starting at left. 


INSERT 

CHARACTER 


43/IC 


2nd operand 
placed into 
bits 24-3 1 
of 1st operand 


jbits 0-23 of 1st 
operand remain 
undisturbed. 


STORE 

CHARACTER 


42/STC 


reverse of 
Insert Character 


as above 


AND 


14/NR 
54/N 
94 /NI 
D4/NC 


bits of 1st oper¬ 
and ANDed with 
bits of 2nd oper¬ 
and. 


RR-one word op’nds 
RX-one word op'nds 
Sl-one byte op*nds 
SS-one to 256 bytes 


OR 


16/OR 

56/0 

96/01 

D6/OC 


bits of 1st oper¬ 
and OR-ed with 
corresp. bits of 
2nd operand 


RR-one word op*nds 
RX-one word op*nds 
SI - one byte op'nds 
SS-one to 256 bytes 


EXCLUSIVE 

OR 


17/XR 

57/X 

911X1 

D7/XC 


bits of 1st oper¬ 
and are Exclusive 
OR-ed with cor¬ 
resp. bits of 2nd 
operand. 


RR-one word op'nds 
RX-one word op'nds 
SI - one byte op'nds 
SS-one to 256 bytes 


COMPARE 

LOGICAL 


15/CLR 

55/CL 

95 /CLI 

D5/CLC 


1st operand is 
compared with 
2nd operand - 
C.C.will reflect 
result. 


RR-one word op'nds 
RX-one word op'nds 
SI - one byte op'nds 
SS-one to 256 bytes 


135 


135 


137 


137 


139 


139 


140 


143 


ADD 

LOGICAL 


lE/ALR 

5E/AL 


2nd operand 
(addend) added 
to 1st operand 
(augend) 


SUBTRACT 

LOGICAL 


IB/SLR 

5B/SL 


2nd operand 
(subtrahend) 
subtracted 
from 1st oper. 
(minuend) _ 


general 

rules 

of 

algebra 

"apply 


difference between 
these and normal 
add instr. is result 
ing C. C. 


difference between 
these and normal 
subtract instr. is 
the resulting C.C. 


145 


145 


LOGICAL 

SHIFT 


89/SLL 

88/SRL 

8D/SLDL 

8C/SRDL 


1st operand is 
shifted the no. 
of bits speci¬ 
fied by second 
operand. Zeros 
in sign bit not 
special. _ 


erratic 


jbecomes + 


erratic 


becomes + 


shift left-single 
shift right-single 
shift left-double 
shift right-double 
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Summary of Logical Instructions, Continued 


Title 

Op 

Code 

Action 

(contents of. . ) 

Sign 

(-►becomes) 

Comments 

Page 

Ref. 

LOAD 

ADDRESS 

41/LA 

address of 2nd 
operand placed 
in 1st operand 
location. 


address will occupy 
low order 24 bits 
of 1st op. High or¬ 
der bits made zero. 

149 

TEST 

UNDER 

MASK 

91/TM 

2 nd operand is 
the •'mask” to 
check single 
byte 1st oper¬ 
and. 

■ 

sets the C. C. de¬ 
pendent on result 
of the comparison. 

151 

TRANSLATE 

DC/TR 

1 St oper, (argu¬ 
ment) replaced 
by 2nd oper. 
(function) byte. 


no change in the 

2 nd operand or the 
C.C. 

152 

TRANSLATE 
AND TEST 

_i 

DD/TRT 

Each 2nd operand 
function byte is 
tested for zero/ 
non-zero. 


C.C. is set based on 
'•last byte find”, 

“other find”, or ”no 
find”. The find and 
the address of the 
argument are placed 
in low order positions 
of R2 and Rl respect¬ 
ively. 

155 
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PSW Format: Portions of the Program Status Word (PSW) were dis- 
cussed on pages 49 and 53. To understand operations such as Branch 
and Link and Execute, the second half (second word) of the PSW must 
be examined further. 



Program 

Mask 


Instruction Address 


32 33 34 35 36 39 40 


63 


The C. C. and the Instruction Address were discussed on page 49 
and the Program Mask was explained on page 53. 

The ILC (Instruction Length Code) indicates the length (in units of 
one-half of a word) of the last interpreted instruction. This statement 
is generally true, but there are situations in Input/Output, external 
interruptions and other special areas, where the programmer should 
not rely on the ILC indication. 

The Instruction Address gets increased by twice the ILC amount 
(since it is expressed in bytes) each time it is incremented. Since 
Instruction Addresses are always even (whether they are half-word, 
full-word, or one-and-one-half word instructions) bit 63 of the Instruc¬ 
tion Address stays zero. The ILC is simply added to the Instruction 
Address starting at bit 62 and working back to (but not past) bit 40. 

The bits of the Program Mask (bits 36 through 39) have individual 
significance. If the appropriate bit is a 1, the condition associated 
with that bit will cause an interruption; if the bit is a 0, the condition 
will not cause an interruption. 


Bit No. Condition (causing interruption if bit is 1; 

interruption if 0) 

36 Fixed point overflow 

37 Decimal overflow 

38 Exponent underflow 

39 Significance 


What an interruption entails will be discussed later in this Unit. 
Since many of the instructions already covered may result in conditions 
causing possible interruptions, the master table of instructions listed 
in Appendix C will indicate the instructions that may result in these 
conditions. 


WORK AREA 

PROBLEMS: Write Answers Here 

155. What type of bit in the Program 155. 

Mask will cause an interruption? _ 

156. Given the following ILC amounts, 156. 

what will be in the PSW Instruc- a. _ 

tion Address? (expressed in 

binary) b. _ 


Original contents of Instruc. Address 



a. 01 b. 10 c. 11 


161 









UNIT 9. 


Lesson 60 


CORRECT ANSWERS 


PROBLEMS: 


Remarks 


155. • 1 bit 


156. a. 0<r -►OOllOO 

b. 0^^^-►001110 

c. 0 < ->010000 


0 bit means "no interruption" 


Remember that the ILC is 
added to the instruction address 
starting at bit 62 (bit 63 is 
always zero). 


Note: The instructions in the following lessons (Branch and Link and 
Execute) are special purpose instructions, often used to tie the main 
program to subroutines. Also, whether he wishes it or not, the pro¬ 
grammer must suffer his program to be interrupted upon occasion. 

He has control of some, but not all, of the conditions which will cause 
interruptions. Lesson 63 discusses program interruptions. 
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Branch and Link: Bits 32 through 63 of the PSW contain the linking 
information needed by this instruction. 

Instruction: 

BRANCH AND LINK: 05/BALR Ri, R 2 (RR format) 

45/BAL Ri, D 2 (X 2 , B 2 ) (RX format) 

The branch address as specified by R 2 (for BALR), or by D 2 , X 2 , 
and B 2 (for BAL) is obtained in the usual way (as explained for branch¬ 
ing instructions in Unit 4). Linking information is stored in the gen¬ 
eral register as specified by Rj . 

The branch address is obtained before the link information is stored, 
but replaces the Instruction Address (bits 40-63 inclusive of the PSW) 
only after the link information is stored. 

Note that the link information available later as needed (from the 
general register specified by Rx ), consists not only of the continuation 
address of the main program, but also the program mask and Condi¬ 
tion Code that were in effect at the time that the BALR or BAL instruc¬ 
tion was given. (The BALR and BAL instructions themselves do not 
alter the C. C. ) 

In the BALR instruction, if R 2 is zero, then no branching occurs 
(remember that this is normal for RR type branching instructions), 
but the link information will be stored in the general register specified 

Example: 


Program M (the main program) wishes to call on Program S (a sub¬ 
routine) to do a certain repetitive standard function. 

Having performed its function. Program S must return control to 

Program M-to the next instruction in Program M from which it was 

called (it may have been called from any one of several locations in 
Program M). 

The main program will locate the subroutine by R9; the subroutine 
will locate the main program by R8. 

Main Program 

Instruction 
(or comment) 


BALR 8, 9 
(continuation of 
main program) 

BAL 8, 6 (9, 0) 
(continuation of 
main program) 


Location 


2222 

2224 


2336 

2340 
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Subroutine Program 

Instruction 
(or comment) 

primary entrance 
to subroutine 

Secondary entrance 
to subroutine 


BCR 15, 8 

Notice that when the main program calls on the subroutine at its 
primary entrance with the BALR instruction at 2222, the subroutine 
(when it executes its BCR 15, 8 "exit*' instruction at 8314) will ’’pick 
up" the correct return address (link information) of 2224 from R8. 

Also, when the main program calls on the subroutine at its 
secondary entrance (displaced 6 down from its primary entrance) with 
the BAL instruction at 2336, the subroutine exit instruction will again 
"pick up" the correct link information from R8 (the return address 
being 2340 in this case). 


Location 

8292 

8298 

8314 
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Execute: This instruction is a command to carry out a single instruc- 

tion (at some ’’remote” location) and then return to the next instruction 
in sequence (unless the ’’remote” instruction is a branch of some sort). 
It may be thought of as a one-instruction subroutine, although it is 
really more than that, otherwise the ’’remote” instruction could be in¬ 
corporated into the main stream of instructions, thus eliminating the 
need for the Execute instruction. 

The real value of Execute is that there is liable to be a choice of two 
or more ’’remote” instructions, or the single-choice ’’remote” instruc- 
tion has been updated at some other point in the program. 

Instruction: 

EXECUTE: 44/EX Rj , D 2 {X 2 , B 2 ) 

The instruction at the address determined (in the usual way) by 
U 2 >X 2 ,cind B 2 is the ’’remote” instruction to be executed. Prior to 
interpretation auid execution, the ’’remote” instruction is modified by 
the contents of the general register specified by Ri . The modification 
which takes place consists of OR-ing (refer to page 141) the byte con¬ 
sisting of bits 8-15 of the ’’remote” instruction, and the byte consisting 
of bits 24-31 of the general register specified by Ri . Thus, some of 
the information can be supplied by the Execute instruction and some 
can be supplied by the ’’remote” instruction. Neither the ’’remote” 
location nor the general register has its contents altered by this 
process. 

Example: 

A quantity in R6 is to be modified according to the specification in 
R8 as shown below: 

R6 quantity R8 

remain vinaltered 0 

made positive 2 

made negative -2 

complemented 4 

Instruction: EX 0, 3500 (0, 8) -- referring to the following instruction 


LOG. 

INSTR 


COMMENTS 

3498 

LNR 6, 

6 

quantity made negative 

3500 

LR 6, 6 


quantity remain unaltered 

3502 

LPR 6, 

6 

quantity made positive 

3504 

LCR 6, 

6 

quantity complemented 


It will be seen that the specification in R8 is ’’picked up” by the 
Execute, thus directing the computer to the appropriate ’’remote” in¬ 
struction in the list. Note that since Ri was zero (indicating no modi¬ 
fication of the ’’remote” instruc. ) in Execute, bits 8-15 of the ’’remote” 
instruction had to specify R6; had Rj specified RIO (for example) and 
had RIO contained 102>i^, then the ’’remote” instruction list could have 
been of the more general form: LNR 0, 0; LR 0, 0; etc. 

The Execute instruction does not change the C.C. , but the ’’remote” 
instruction may. The ’’remote” cannot, itself, be an Execute, but it 
may be a branching instruction. 

>1^102=0110 OIIO 2 , specifying the two R6 registers. 
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Interruptions: The instruction ’’Set Program Mask” is an RR type, but 
R 2 need not be specified since it is not used. 

Instruction: 

SET PROGRAM MASK: 04/SPM Ri 

This instruction causes bits 2-7 of the general register specified 
by Ri to replace the Condition Code and Program Mask bits of the 
PSW. (When the bits of the second word of the PSW are numbered 
0-31 rather than the usual numbering from 32-63, it becomes very 
evident that these are corresponding bits. ) 

The other bits of the general register are ignored, the register 
is unchanged, and the Condition Code (since it was loaded from bits 2 
and 3 of the register) will depend upon the value of bits 2 and 3 of the 
register and will reflect whatever Condition Code was stored there 
earlier. 


Examples: 

1. In the Branch and Link example on page 165, the instruction 
just before the exit instruction of the Subroutine Program could be: 

SPM 8 (located at address 8312) 

This would restore the Condition Code as placed in R8 by the 
Branch and Link instruction to its condition’Tn the Main 'Frd^am 
(assuming, as is likely, that certain operations of the Subroutine 
Program would have changed the C. C. ). 

2. To mask out (prevent) the significance interrupts and enable 
the overflow and underflow interrupts"*^ (refer to page 53), that is to 
introduce a binary 0001 into bit positions 36-39 of the PSW (or bit 
positions 4-7 of the particular general register referenced). 


Instructions 


Comments 


MVI 3500 (0), 1 
L 14, 3500 (0, 0) 
SPM 14 


Places 0000 0001 in location 3500 
Places OlXXXXXX(Hex) in R14 
Places Mask in PSW 


'i^Any of these could be masked out, or chosen, at the programmer’s 
pleasure by putting appropriate bits into bit positions 4-7 of the 
general register. 


A systematic compilation of the various instructions, with 
indications of just which ones can cause given interruptions, 
will be presented in Appendix C. 
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THE ASSEMBLER 


A. General Discussion and Limitations 
1. General 

The source program (written by the programmer) can be 
coded in actual machine instructions or symbolic instructions may be 
used. If symbolic instructions are written (the source program), they 
must be assembled into machine instructions (the object program). 



The following example shows a source program and an equivalent 
object program. 


Source Program Object Program 


Label 

Op. 

Code 

Operand 

Comments 

Location 
^n Hexa¬ 

Instruction 





decimal) 



L 

5, AUGEND 


000 

58 50 0 OOE 


A 

5, ADDEND 


004 

5A 50 0 010 


ST 

5, SUM 


008 

50 50 0 014 

AUGEND DC 

F '0075' 

constant of 75 

OOE 

0000004B 

ADDEND DC 

F '0025' 

constant of 25 

010 

00000019 

SUM 

DC 

F '0000' 

constant of zeros 

014 

00000000 


You will notice from this example that although we have not been 
using machine instructions, we have not been using the complete assemb¬ 
ly assembly language either. We have been using the mnemonic Op. 
Codes and the operand format, but not the labels. Use of labels elim¬ 
inates the need for keeping track of instruction locations and the use of 
actual locations in the operand portion of the instructions. 

There are a few basic rules connected with the use of labels 
which will be discussed in the following section (titled Format). 

Straight machine language programming is almost never used 
because of its cumbersome nature and the great ease with which clerical 
errors can be made. For example, if an instruction had to be inserted 
between the first two items of this program, all of the following instruc¬ 
tions would have to be changed if actual machine instructions were being 
used (since all of the locations would change). Using assembler lan¬ 
guage, the instruction could be inserted, the program reassembled and 
it would be ready to go. Same example as above, but with instruction 
inserted, is shown on the following page. 
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Label 


Source Program 
Op. Operand Comments 



L 

5. 

AUGEND 


000 

58 50 0 OOE 


LR 

4 . 

5 - 

(inserted instruc-- 

♦-004 

18 45 


A 

5, 

ADDEND 

tion) 

006 

5A 50 0 012 


ST 

5, 

SUM 


OOA 

50 50 0 016 

AUGEND 

DC 

F 

'0075' 

constant 75 

OOE 

0000004B 

ADDEND 

DC 

F 

'0025* 

constant 25 

012 

00000019 

SUM 

DC 

F 


constant O's 

016 

00000000 


Object Program 

Loc. 

(in Hex) 


Instruction 


Virtually all System 360 programs are written in Assembler 
Language, or higher level languages. 


2. Limitations 

There are several versions of Assembly Languages available . 
This text will discuss the ’’Operating System 360 Assembler Language” 
which contains the features of all the smaller versions. 

The Assembler does not participate in the generation of object 
instructions for input/output (I/O) instructions. For this reason, input/ 
output instructions will not be covered here. The I/O instructions are 
generally a function of the individual installation's Operating System. 


B. Format 

The source card contains the following fields: 

Source Instruction 
Continuation Character 
Identification/Sequence 

1. Source Instruction (Card cols, shown on following page) 

This field consists of an optional name, an operation, one or 
more operands, and optional comments. The fields are punched in 
card columns 1-71'i^ and must be separated by one or more blanks. 

a. Name: The name is normally optional and if used, is 
symbolic of the address of the high order byte of the 
instruction or data definition in which it appears. The 
name (if used) must be a valid symbol (discussed later 
in this Unit) and must start in card column 1. If a blank 
appears in card column 1, the Assembler assumes that 
no name has been used. 


*The programmer can alter this format by the use of the ICTL Assembler 
Program instruction (refer to Part E, this Unit). 
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b. Operation: The operation is required. It must be a 
valid machine instruction mnemonic, a valid Assembler 
program instruction, or a defined MACRO instruction. * 

c. Operands: One or more operands are normally required. 
Operands can be symbols (that appear as names some¬ 
where else in the program), actual storage locations, 
masks, literals, registers, etc. 

d. Comments: Comments are optional. A whole card can 
be used for comments by punching an asterisk ('l^) in 
card column 1. 


2. Continuation Character (Card Co. 72) 

A non-blank character in the Continuation Character column 
designates that a Continuation card is to follow. The Continuation Card 
must contain blanks in columns 1 - 15; the Continuation must start in 
column 16, and no more than two Continuation Cards may be used 
(except for MACRO instructions).'!^ 



3. Identification/Sequence (Card Cols. 73-80) 

The Identification/Sequence columns can be used for card identi¬ 
fication, program sequencing,** comments, etc. It may also be left 
blank. 


* MACRO instructions (Assembler instructions which generate several 
machine instructions) are beyond the scope of this book. 


** The programmer can have the Assembler sequence check the source 
program cards on all or part of this field by use of the ISEQ 
Assembler instruction (refer to Part E, this Unit). 
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4. Source Instruction Format 

Normally, source instructions are coded in the following format: 
Card Column Contents 


1-8 

9 

10-14 

15 

16-39 

40-71 

72 

73-80 


Name (if used) 
blank 
Operation 
blank 

Operands and blanks 
Comments 

Continuation Character 
Program Identification/Sequence 


Example: 


(name) iSonP (Operands) 

U_ 8 blip 14ll5ll6 _ 

fLOADREGbl IbALR f |5,SUBll0tn 


(Comments) 


(Con1)(Prog. ID) 


_ 7l|72|73 _ ^ 8QJ 

UBROUTINE^ X IPROGRAM 


C. Types of Operands 

There are four ways to represent numbers as operands: 

the actual number 
a symbol 
an asterisk 
a literal 

1. Actual numbers 

To this point, all operands have been expressed in actual num¬ 
bers, Normally, the programmer would use actual numbers only for 
register references, masks, and data for immediate instructions. 

Actual numbers can be expressed in four ways: 

decimal 

hexadecimal 

binary 

characters 

a. Decimal numbers are written in normal fashion. 

Examples : 1000, 2760, 3852, etc. 

b. Hexadecimal numbers are preceded by an X and are enclosed 

in single quotes: 

Example: TM 0 (2), X *F0* (The zero is a decimal number reference 

specifying no displacement; the (2) is a 
decimal number reference to R2. The X 
*F0‘ is a hexadecimal reference to a mask 
of IIIIOOOO 2 ) 
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c. Binary numbers are preceded by the letter B and are en¬ 

closed in single quotes. 

Example: BCR B‘0001*, 4 

d. Characters are preceded by the letter C and are enclosed in 

single quotes. 

Example: MVI 3Z (5), C *%' 

2. Symbolic labels 

If the programmer uses symbolic labels, the Assembler will 
automatically assign storage addresses to the labels. The following 
rules apply to labels: 

a. It must not be over eight characters long (it may be less 

than 8). 

b. It must start with an alphabetic character. 

c. It may not contain any special characters or imbedded blanks. 

It may be less than 8 characters in length, thus allowing up 
to 7 blanks to the right of the label. 

Invalid labels 

NET PAY (blank between 

the words) 

DEPT-102 (special character) 

MLWIGGINS (over 8 characters) 

8DIG (numeric first 

character) 

A label is defined when it appears as the name of a source in¬ 
struction or data definition. The label represents the address of the 
left-hand or high order byte of the resulting machine instruction or 
data. A length attribute is also assigned to each label denoting the size 
in bytes of the instruction or data. 


Example of subroutine to compute Net Pay: 


Label 

Op. 

Code 

Operand 

Comments 

STARTADR 

START 

1000 

Start subroutine at 1000 

CALCNET 

L 

REGS, GROSSPAY 

Load Gross into R5 


S 

REGS, DEDUCTNS 

Subtract deductions 


ST 

REGS,NETPAY 

from R5 

Store Net in result field 

GOBACK 

BCR 

X'F',REGIO 

Return address in RIO 

DEDUCTNS 

DS 

H 

Deductions-half word 


Examples: 

Valid labels 
GROSSPAY 

DEPT1022 

MALONG 

X43 


171 


(continued) 




Label 

Op. 

Code 

Operand 

Comments 

GROSSPAY 

DS * 

F 

Gross Pay - full word 

NETPAY 

DS 

F 

Net Pay - full word 

REGS 

EQU * 

5 

R5 - work register 

REGIO 

EQU 

10 

RIO - contains return 


address 

DS (Defines Storage) and EQU (Equate) will be discussed in detail 
in Part E, this Unit. 

Notes on the above subroutine: 

The START statement is an instruction to the Assembler to 
start assigning addresses at 1000. 

The label "CALCNET” will be assigned an address of 1000 and 
a length of 4. The label ''GOBACK" will be assigned an address of 
1012 and a length of 2. "DEDUCTNS", "GROSSPAY", and "NETPAY" 
will be assigned addresses of 1014, 1016, 1020 and lengths of 2, 4, 
and 4 respectively. The two EQU (Equate) statements merely assign 
labels to R5 and RlO. 


3. Asterisks (^) 

An asterisk in the operand field of an instruction refers to the 
address (left hand byte) of that instruction. 

Example: LA 4,*^ (the address of the LA instruction will be 

loaded into R4) 


4. Literals 

The programmer can use "literals" when the address of a 
specific value is needed as an operand. The Assembler will generate 
a "pool" of literals and assemble their addresses in the instructions 
where they were referenced. 

The format of literals is as follows: 

(1) an equal sign. 

(2) an optional duplication factor. 

(3) a letter, designating the type of literal 

(4) three optional modifiers 

(5) a value enclosed in single quotes 

Format: 


= / 


optional 

duplication factor 


/type/ 


optional 
modifier (s) 


/ 


'value' / 
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Table of Duplication Factors 


Factor 

Effect 

0 

not permitted (except in Define Constant 
Assembler instruction) 

1 

no duplication (same as if duplication factor 
were omitted) 

2 

literal occurs 2 times 

3 

literal occurs 3 times 

4 

literal occurs 4 times 

etc. 


etc. 


N 

literal occurs "N” times 


Table of Types of Literals 


Type 

Meaning 

P 

Packed Decimal 

Z 

Zoned Decimal 

F 

Full Word 

H 

Half Word 

B 

Binary 

C 

Character 

X 

Hexadecimal 

E 

Short floating point 

D 

Long floating point 

A 

Full word address 

Y 

Half word address 

S 

Base register and displacement address 
(can be used only in Define Constant Assembler 
instructions) 

V 

Storage reserved for address of external 
symbol when program is loaded. 
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Table of Modifiers 


Identifying 


Letter 

Modification 

L 

Specifies length of literal in bytes 

L. 

Specifies length of literal in bits 

S 

Specifies internal scaling (number of bits 
the constant is to be shifted after it is 


converted to binary) 

E 

Specifies exponentiation (power of 10 by 
which the constant is multiplied before it 
is converted to binary) 


Examples: 


P and Z formats 

Literal 


Assembled (Hex) 

Comments 

= P '305' 


3 0 5C * 

Unsigned-assumed positive 

= P'-30.5' 


3 0 5D * 

Decimal point has no effect 

= P'+3050' 


03 0 5 OC 

High order zero generated 

= PL3'50' 


00 0 5 OC 

High order zero generated 

=PL2 '+97851' 


8 5 1C 

High order digits dropped 

= 3PLl'-580' 


OD OD OD 

High order digits dropped 

=2P '0. 11' 


one 0 1 1C 


=Z '308' 


F3 FO C8 

Unsigned- assumed positive 

=Z '-30. 8' 


F3 FO D8 

Decimal point has no effect 

=ZL3 '+50' 


FO F5 CO 

High order zero generated 

=ZL2 '3. 08' 


FO C8 

High order digit dropped 

= 4ZL1 '+900' 


COCO C 0 CO 

High order digits dropped 

= 2ZL2 '-O' 


FODO FO DO 

High order zeros supplied 



F and H formats 

Literal 


Assembled (Binary) 

Comments 

= F'240' 

0 

011110000 

High order zeros to fill word 

= F '-2' 

1 

111111110 

Stored as 2*s complement. 

= F 'E + 2' 

0 

011001000 

Value generated is 

= FL1 '+64' 


01000000 

One byte generated (no 

= 2F '0000' 

2 

words - all zeros 

alignment. ) 

= FE2 'lE+2' 

0010 0111 0001 0000 

Exponent modifier combined 




with exponent given value of 




104. 

= H '+082' 

0 

001010010 

H format basically the same 


as F format except 16 bits 
reserved. 


* Note: The Assembler uses EBCDIC. In that code, the shows up 
as a Hex. C, the ” as a D, and the "Zone” as an F. 
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Examples continued: 

B format 

Assembled (Binary) Comments 

0011 0101 High order zeros inserted to 

fill byte. 

1111 0000 High order bit dropped. 

4 bytes - all I's 

C format 


C *% - * 

CL2 *PJR* 

CL4 *GGH» 
3CL4 *CHA' 


X format 

OF High order zeros to fill byte. 

00 
FOOD 

FFFFFFFF High order character dropped. 

E and D for mat 
(Hex) 

42200000 

4033333333333333 

A, Y, S and V format 

A (LOOKUP) Defines the full word address of the instruction or 

data is associated with the symbol ’’LOOKUP. ” 

Y (HALFWORD) Defines the half word address of the instruction or 

data is associated with the symbol ’’HALFWORD. ” 

S (ROUTINE) The address of ’’ROUTINE” is generated in base 

displacement form. 


E ’32. 1’ 
D »2E-1* 


X ’F’ 

X *F00* 

XL2 ’12F00D’ 
4X ’FF’ 


% * 

Two quotes or ampersands 
must be written to generate 
one. (A single quote or 
ampersand will not ’’appear”. ) 

PJ Low order characters 

dropped. 

GGH Low order blank assumed. 

CHA CHA CHA 


Literal 
B'Oll 0101' 

BLl'lllllOOOO’ 

4B'llllllll' 


175 



UNIT 10. 


Example: 


= S (30 (1) ) 


lOlE 



value of 30 for displacement, as specified 
refers to Rl, the base specified 


= V (SUBROUT) This has the same effect as using SUBROUT in an 
EXTRN statement (to be discussed in Part 5, this 
Unit). 


Example: 


L 

5, V (SUBROUT) 

EXTRN 

SUBROUT 

BR 

5 

— 




B 

SUBROUT 


This example will be of more value after Part 5 has been 
studied. 


D. Constant and Area Definition 


1. Define Storage 


This Assembler instruction names and defines 
areas of storage 

Format 


Label 


Op. Code 


Operand 


symbol or 
blanks 


Example: 


DS 


Optional 

duplication 

factor 


, optional /optional 
/modifier / value 


PRINT I DS I CL 133 


The area called ’’PRINT*’ is defined with a length of 133 charac¬ 
ters. Notice that the format of the operand is similar to that of a 
literal except that no = sign or ’’value” was used. 

A value can be used with the DS Assembler instruction, but the 
Assembler will use the value only to determine the amount of storage 
to be reserved. The value will not be inserted. 


Example: DATE | DS |P*123199* 

The Assembler will reserve 4 bytes for the symbol ’’DATE, ” 
but the value (123199) will not be inserted. 

By using a length modifier of zero, symbols can be assigned 
to groups of items. 
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Example: 


NAME 

DS 

0CL35 

FIRST 

DS 

CLIO 

MIDDLE 

DS 

CLIO 

LAST 

DS 

CL15 


Notice that the symbol "NAME** refers to the next 35 bytes 
(L=35), but reserves no storage (duplication factor =0). The entire 
area covered by ’’NAME*' can be referred to by using the label 
'’NAME*’, while parts of it can be referred by by ’’FIRST”, ’’MIDDLE”, 
and ’’LAST. ” 


2. Define Constant 

This Assembler instruction names, defines, and inserts values 
into areas of storage. 

Format 


Operand 

optional / / optional / _ _ _ / 

duplication / / modifier / / 

factor ' ' ’ ' 

)C I P '+00000' 

Three bytes of storage are reserved with packed zeros. The 
symbol ’’ZEROS” refers to the left-most byte and has a length attribute 
of 3 bytes. 

The operand portion of the DC Assembler instructions differs 
from literals in the following respects: 

a. More than one operand may be specified except for 
character, hexadecimal, and binary constants. 

Example: | DC | F '3256', HS5'-8. 5', 

b. Duplication factor, length, scale, and exponent modifier 
may be positive absolute expressions in parentheses. 

Example: 

I DC |(LABELl+2-LABEL2) CL (LABEL3-LABEL4-1)' ' 

(LABEL 1, LABEL 2, LABEL 3, and LABEL 4 must all have been 
defined) 


Label 

symbol or 
blanks 


Example: 


Op. Code 
DC 

ZEROS I 


c. DC operands are not preceded by = sign. 

d. Duplication factor may be zero. 

e. S type address constants may be specified. 
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Examples; 

ADDRESSl I DC | S (8 (7) ) 

ADDRESS2 | DC |s (CARD AREA) 

3. Equate 

This Assembler instruction ’’Equates" a symbol to an actual 
number. 

Example: 

REGIO EQU 10 

L REGIO,NETPAY 

The symbol ’’REGIO’’ is equated to the number 10. The subse¬ 
quent LOAD instruction will ’’load’’ the data in NETPAY into RIO. 

Example: 

ALLIS EQU B*llll* 

BCR ALLIS, 15 

The symbol ’’ALLIS’’ is equated to 4 bits of I’s (a Hex ’’F’’). 

The subsequent BR instruction is an unconditional branch to the address 
in R15. 


178 




UNITIO. 


SUMMARY OF CONSTANTS 


Type 

Implied 

Length 

(bytes) 

Length 

Modifier 

Range 

Specified by 

Truncation- 

Padding 

A 

4 

. 1 to 4 (2) 

any expression 

left 

B 

1 or more 

. 1 to 256 

binary digits 

left 

C 

1 or more 

. 1 to 256 (1) 

characters 

right 

■a 

8 

. 1 to 8 

decimal digits 

right 

■a 

4 

. 1 to 8 

decimal digits 

right 

aa 

4 

. 1 to 8 

decimal digits 

left 

la 

2 

. 1 to 8 

decimal digits 

left 

p 

1 or more 

. 1 to 16 

decimal digits 

left 

s 

2 

2 only 

one absolute or 
relocatable ex¬ 
pression or two 
absolute expres¬ 
sions: exp (exp) 


V 

4 

3 or 4 

relocatable symbol 

left 

X 

1 or more 

. 1 to 256 (1) 

hexadecimal digits 

left 

Y 

2 

. 1 to 2 (2) 

any expression 

left 


(1) In a DS Assembler instruction, C and X type constants may have 

length specification to 65535. 

(2) Bit length specification permitted with absolute expressions only. 

Relocatable A-type constants, 3 or 4 bytes only; relocatable 
Y-type constants, 2 bytes only. 


Exponent range is -85 to +75; scale range is 0-14 for D and E, 
-187 to +346 for F and H. 
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E. Machine Instruction Operands Expressed in Assembler Language: 

1, Implicit and Explicit Operands 

The address and/or the length of an operand may be either 
implicit or explicit: 

Implicit: implied by the symbol used. 

Explicit: expressed in absolute terms. 

This is best explained with a series of examples. The Com¬ 
pare Decimal instruction has been chosen as the demonstration model. 

CP Di (Li,B,), D2 (L2,B2) 

Example 1: Explicit Length and Address 

Instruction: CP 375 (4,2), 287 (3,8) 

The four bytes^J^ starting at location 375 + R2 are being compared 
to the three bytes'i^ starting at location 287 + R8. 

Example 2: Explicit Length and Implicit Address 

Instruction: CP OLDCONO (3), NEWCONO (4) 

The three bytes starting at the address associated with the 
symbol ’^OLDCONO” are compared to the four bytes associated with 
the symbol ’’NEWCONO. ” 

If ’’OLDCONO” was initially defined as being four bytes in length, 
the explicit length of three bytes will override the implicit length of four 
bytes and only the left-most three bytes would be used in the comparison 
(a data error interrupt would also occur). 

Example 3: Implicit Length and Address 


LABEL 

OP 

OPERANDS 

Comments 


CP 

HEADERID, ZEROS 


HEADERID 

DS 

PL 3 

Input file header ID. 

ZEROS 

DC 

P'+0000000' 

Zero constant 


*Note: When using the Assembler instructions rather than just a simi- 
lar format as has been done in the earlier Units, RO register specifica¬ 
tions are usually dropped, the specified length is the actual length 
rather than the length code (see footnote, page 87), symbolic addresses 
are used, etc. 
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The symbols "HEADERID” and "ZEROS” have implied lengths 
of 3 and 4 respectively; therefore, the three bytes at the address associ¬ 
ated with "HEADERID" are compared to the four bytes of the address 
associated with "ZEROS. " 


2. Alignment 

The Assembler aligns instructions on half word boundaries. 


Example: 


Assembled as: 


LABEL 

OP 

OPERANDS 

ADDRESS CONTENTS 


START 

BC 

100 

15, SUBROUT 

100 

07 FO 106 

CONSTANT 

DC 

X 'FC 

104 

FC 

SUBROUT 

LR 

3, 5 

105 

00 




106 

18 35 


Notice that location 105 is filled with Hex. zeros and the CR 
instruction is assembled at location 106 (a half word boundary). 


3. Format 

The operand format for instructions may be either explicit 
or implicit, as was shown in the examples on page 183. Formats for all 
instructions discussed in the text will be detailed in Appendix C. 


4. Special Assembler Instructions 

A number of Assembler instructions do not have machine 
instruction equivalents. Such instructions are used for special pur¬ 
poses by the Assembler and will be discussed in this Section. 

a. USING and DROP Assembler instructions 

We stated earlier in this Unit that the Assembler 
will assign addresses to symbols used as instruction or data names. 
Since an address consists of a Base Register as well as a displacement, 
the programmer must communicate to the Assembler what registers it 
can use as Base Registers and what values it can expect to find in these 
registers when the program is executed. This is accomplished with the 
"USING" and "DROP" instructions. 


USING: The format of this instruction is as follows: 


OP . 

USING 


actual or symbolic value, , 


R 


16 


From one to sixteen registers can be used as the second operand. 
The "USING" Assembler instruction tells the Assembler that when the 
program is executed, will contain* the value of the first operand, R 2 
will contain the value of the first operand + 4096, R^ will contain the 
value of the first operand + 8192, etc. 
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OP 

OPERANDS 

Example: 

USING 

0. 1, 5 

This USING instruction tells the Ai 

Rl contains zeros and R5 contains 4096. 


OP 

OPERANDS 

Example 2: 

START 

1000 


USING 

* , 14, 15 


This USING instruction tells the Assembler that R14 contains 
1000 and R15 contains 5096 (1000 + 4096). 


Example 3: If a routine ( of 4096 bytes or less) were to be used in 
several different programs, the following instructions could be used: 

15, 0 (remember that 0 as the 2nd oper- 
and causes no branch) 

The BALR machine instruction loads the address of the next 
sequential instruction into R15. The USING Assembler instruction 
tells the Assembler that R15 will contain that location when the program 
is executed. Whenever RO is specified as a Base Register, the Assem¬ 
bler will assume it contains zero. 


BALR 

USING 


DROP: The format of this instruction is as follows: 

DROP Rl, R2, . . . . R16 

The DROP Assembler instruction tells the Assembler that the 
registers specified are no longer available to it as Base Registers. 
Registers dropped can be made available by another USING Assembler 
instruction. A register may be dropped even though it has not previ¬ 
ously appeared in a USING instruction. 

The following coding might be used at the beginning of a common 
subroutine in which it is known that R15 will always be available and 
three Base Registers are needed: 


LABEL 

OP 

OPERANDS 

SUBROUT 

BAL 

15, SAVEREGS 


USING 

SAVEAREA, 15 

SAVEAREA 

DS 

15F 

SAVEREGS 

STM 

0, 14, SAVEAREA 


DROP 

0, 1, 2, 3,4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 


LM 

1,2, = A (SAVEAREA + 4096, SAVEAREA + 8192) 


USING 

SAVEAREA + 4096, 1, 2 


-- Subroutine -- 


LM 0, 14, SAVEAREA 

DROP 15, 1, 2 
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b. ENTRY and EXTRN Assembler instructions 

Programs can be written in several Control Sections. Sections 
may be assembled separately, then loaded and executed together. By 
the use of external names, separately assembled sections can refer to 
each other. 

ENTRY: The format of the called program's external name defini- 

tion is as follows: 


LABEL 

OP 

OPERANDS 

(blank) 

ENTRY 

one or more relocatable'!^ symbols defined in 
this control section. 


EXTRN: The format of the calling program's external name defini- 

tion is as follows: 


LABEL 

OP 

OPERANDS 

(blank) 

EXTRN 

one or more relocatable symbols used as oper¬ 
ands of entry instructions in other control sections. 


The following example shows how a large program could be divided 
into two separately coded and assembled programs. In this example, 
RO-12 are free to either program. Program I has reserved R13 as a 
Base Register, Program II has reserved R14 as a Base Register, and 
they have agreed to pass data via R15. 

PROGRAM I 


LABEL 

OP 

OPERANDS 

Comments 

MAINPROG 

START 

4000 



ENTRY 

RETURNPT 

return point to this program 


EXTRN 

ENTRYPT 

entry point to Program II - 


BALR 

13, 0 

sub-program 


USING 

13 



L 

15, DATA 



B 

ENTRYPT 

go to subprogram 

RETURNPT 

ST 

15, RESULT 

return point (RESULT in 




R15) 


PROGRAM II (subprogram) on page 184 


A symbol affected by program relocation. 
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LABEL 


SUBPROG 

ENTRYPT 


It is 

Example: 

LABEL 


DATEOK 

DATEBAD 

DATES 


DATEROUT 


PROGRAM 11 


OP 


OPERANDS 


START 

ENTRY 

EXTRN 

BALR 

USING 

ST 


8000 

ENTRYPT 

RETURNPT 

14, 0 
*, 14 

15, DATA 


Comments 


entry point to this program 
return point to Program I 


entry point 


L 

B 


15, RESULT 

RETURNPT result in R15 


possible to reference data areas in another Control Section. 


MAIN PROGRAM 


OP 


OPERANDS 


EXTRN 


DATEROUT 


ENTRY DATEOK 
ENTRY DATEBAD 


ENTRY 

B 


DATES 

DATEROUT 


Comments 


(Date-check) routine entry 
point 

routine return point-dates OK 
routine return point - dates 
bad 

routine data 



lOF 


SUBPROGRAM 


EXTRN 


DATEBAD 


EXTRN 


DATEOK 


EXTRN 

ENTRY 


DATES 

DATEROUT 


main progr. return pt. -dates 
bad 

main progr. return pt. -dates 
OK 

data in main program 
entry point to main program 


L 

L 


15, =A (DATES) address of data in R15 
14, 36 (15) last date inR14 


L 

BCR 


13, A (DATEOK) 

15, 13 exit - dates OK 


B 


DATEBAD exit - dates bad 


184 



UNIT 10. 


c. CSECT, DSECT and START Assembler instructions 

A Control Section is identified by one of these three Assembler 
instructions. 

START This Assembler instruction defines the beginning of the 

program and the beginning of the first Control Section. 

Format: LABEL OP OPERANDS 

START number or blank 

or blank 

If a symbol is used in the Label field, it will name the first Con¬ 
trol Section. It will also be treated as if it had appeared in an ENTRY 
statement. If an operand is present, it will be used by the Assembler 
as the initial location of the program. 

Example: 

BEGIN START X *4F80* 


CSECT: This Assembler instruction identifies the beginning of a 

Control Section. 

Format: symbol 

or blank 

If a symbol is used, it will name the Control Section and will be 
treated as if it had appeared in an ENTRY statement. If the symbol 
used is the same as a previous Control Section name, the Control Sec¬ 
tion will be assumed to be a continuation of the previous one. A CSECT 
statement may not contain an operand. 

Example: 

SECTION2 CSECT 

DSECT: This Assembler instruction identifies the beginning of a 

dummy Control Section. 

Format: symbol 

or blank 

A dummy Control Section is used when storage is to be defined 
but not reserved. The location counter is set to zero at the beginning 
of each dummy Section except when it is a continuation of a prior dummy 
Section. 

Example : Assume a utility program that places card images on tape 

or disk. The problem is to write a subprogram that will verify that the 
input cards contain a *’1” in column 5 and blanks in columns 63-80. 
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When the utility program passes control to the subprogram, the 
registers will be as follows; 


R1 

R2 

R3 

R4- r6 
R7--R15 


Address of card read-in area 
Return address 

Zeros (the subprogram must put a ’'1” in R3 to accept 
the card or a "2” in R3 to reject it) 

To be used by subprogram 
Not to be used by subprogram 


LABEL 

OP 

OPERANDS 

SUBPROG 

CSECT 



BALR 

4,0 


USING 

* , 4 


USING 

CARD, 1 


CLI 

CCS, C'l' 


BNE 

DELETE 


CLC 

CC63T080,=18C 


BNE 

DELETE 


L 

3 , = F 


BR 

2 

DELETE 

L 

3, = F '2' 


BR 

LTORG 

2 

CARD 

DSECT 



DS 

CL4 

CCS 

DS 

CLI 


DS 

CLS7 

CC63TO80 

DS 

END 

CL18 


Comments 


Load base address into R4 
Establish R4 as subprogram 
base reg. 

Establish Rl as card image 
base reg. 

Check CCS for ”1“ 

Delete if not present 
Card Cols. 63-80 for blanks 
Delete if not present 
Accept good card 
Return 

Delete bad card 
Return 

Origin literals 

Columns 1-4 
Column 5 
Columns 6-62 
Columns 63-80 
End of Assembly 


d. END Assembler instruction 

This Assembler instruction identifies the end of the source pro¬ 
gram and the point in the object program where execution is to begin 
(if other than the first byte). 


Format: 

Example: 


blank END blank or relocatable symbol 


PROGRAM 

DATA 


INSTRl 


START 
DS 

data definition 
DC 

BALR 
USING 
USING 
AP 


instructions 


lOF • 
F 

1 , 0 
- , 1 
DATA,2 


END 


INSTRl 
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In this example, we did not want execution to begin at "DATA, ” 
so we specified "INSTR 1” as the opercind of the "END" instruction. 

e. ORG and LTORG Assembler instructions 

Within a Control Section, it is possible to change the instruction 
coimter by using the ORG Assembler instruction. 

Format: (blank) ORG relocatable expression or blank 

Example: The description of "Card 2" is to redefine the "CARD 1" 

area. 

LABEL _ OP _ OPERANDS Comments 

CARDl DS 0CL80 Card 1 

CARDID DS CLIO 

---- Card 1 detail 

ORG CARDl Reset location counter 

CARD2 DS OCL80 Card 2 

---- Card 2 detail 

Another way would be as follows: 

CARDl DS 0CL80 Card 1 

---- Card 1 detail 

ORG * - 80 Reset location counter 

CARD2 DS 0CL80 Card 2 

---- Card 2 detail 

The ORG Assembler instruction with a bleink operand will set 
the location co\mter at its highest previous value plus one byte. 

Example: Assume Card 1 starts at location 1000 

CARDl DS OCL80 80 coliamn card 

--- Card 1 detail 

ORG CARDl Reset location counter 

CARD2 DS 0CL51 51 column card 

--- Card 2 detail 

ORG Advance location counter 

TAPEAREA DS OCLIOO Tape area 

The location count is set to location 1080 by the second ORG 
instruction. 
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LTORG: This Assembler instruction instructs the Assembler to 

assemble all literals (since the last LTORG instruction) 
on the next double word boundary. 

Format: 


If LTORG is not specified, all literals will be assembled follow¬ 
ing the first Control Section. If a program contains several Control 
Sections, the Base Register for the first Control Section must not be 
changed. 

It is recommended that the LTORG instruction follows each 
Control Section so that its literals will always be addressable. 

f. Additional Assembler instructions 

CONDITIONAL NO OPERATION: This Assembler instruction (CNOP) 
forces the location counter to a specified half word boundary. NOP 
machine instructions are assembled in the unused bytes. 


Format: 

LABEL 

OP 

OPERANDS 


blank 

CNOP 

byte number, word size 


There are six acceptable CNOP combinations: 


OP 

OPERANDS 

Sets location counter to: 

CNOP 

0, 4 

beginning of word 

CNOP 

2, 4 

middle of word 

CNOP 

0, 8 

beginning of double word 

CNOP 

2, 8 

third byte of double word 

CNOP 

4, 8 

middle of double word 

CNOP 

6, 8 

seventh byte of double word 


EJECT: 

Format: 


SPACE: 

Format: 


This Assembler instruction causes one or more lines to be 
skipped in the assembled program listing. 


LABEL 

OP 

OPERANDS 

blank 

SPACE 

number of lines to be skipped 
(if blank, assumes 1 line) 


This Assembler instruction causes the assembled program 
listing to skip to the top of the next page. 


LABEL 

OP 

OPERANDS 

blank 

EJECT 

blank 
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TITLE: 


Format: 


This Assembler instruction defines the assembled program 
listing heading and the identification pimched in card col¬ 
umns 73 - 76 of the object program cards. 


LABEL 

OP 

OPERANDS 

1-4 char¬ 
acter 
card ID 
or blank 

TITLE 

formatted page heading 
enclosed in quotes 


More than one TITLE instruction can appear in a program. A 
subsequent TITLE instruction will cause the page to eject and the new 
title to appear. If the card ID field of a subsequent TITLE instruction 
is blank, the ASSEMBLER will continue to use the previous title. 


PRINT: This Assembler instruction controls whether or not: 

a. a program listing is printed; 

b. instructions generated by MACRO instructions are 

printed; 

c. all constants are printed or only the first 8 bytes. 


Format: 


OP 

OPERANDS 

PRINT 

/ ON \ 


1 or 1 and/or 


V OFF/ 


/ GEN \ 

I or land/or 

Vnogen/ 


/ DATA \ 

I ) 

\ NODATA / 


More than one PRINT instruction can appear in the program. 
Omitted operands are assumed to carry over from the last print instruc¬ 
tion. 


ICTL: This Assembler instruction allows the programmer to 

change the source program format. The ICTL instruc¬ 
tion must be the first instruction and can be used only 
once. 


Format: 


LABEL 

OP 

OPERANDS 


blank 

ICTL 

beginning 

end 

continue 



column , 

column , 

column 



(must be 

(must be 

(must be 



1-40) 

41-80) 

2-40) 


If no ICTL card is used, the Assembler assumes 1, 71, 16. 
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ISEQ: This Assembler instruction causes the Assembler pro- 

gram to sequence check the source cards using the 8 bit 
binary collating sequence. 


Format: LABEL 

OP 

OPERANDS 

blank 

ISEQ 

/high order columnX /low order column 
\of sequence field )\oi sequence field 


The sequence check field must not fall between the ’’beginning" 
and ’’end" columns specified in the ICTL instruction. The ISEQ instruc¬ 
tion with a blank operand stops the sequence check. 


Example: 


OP 

OPERANDS 

Comments 

ISEQ 

77, 80 

sequence check card 

---- 


cols. 77 - 80 

ISEQ 


stop the sequence check 


190 



UNIT 10. 


SUMMARY OF SPECIAL ASSEMBLER INSTRUCTIONS 


Title 

OP CODE 

DESCRIPTION 

Page 

Ref. 

Define 

Symbol 

DS 

Names and defines areas of storage. 

178 

Define 

Constant 

DC 

Names, defines, and inserts values into 
areas of storage. 

179 

Equate 

EQU 

Equates a symbol to an actual number 

180 

Using 

USING 

Tells the Assembler what Base Registers 
it can use and what values will be in these 
Base Registers. 

181 

Drop 

DROP 

The registers specified in USING are no 
longer available as Base Registers. 

182 

Define 

Entry 

Point 

ENTRY 

Used in the called program to identify 
symbols to which the calling program can 
branch. 

183 

Define 

External 

Name 

EXTRN 

Used in the calling program to identify 
symbols that are entry points in the called 
program. 

183 

Start 

START 

Defines beginning of program and beginning 
of Control Section. 

185 

Define 

Control 

Section 

CSECT 

Identifies the beginning of a Control Section 

185 

Define 

Dummy 

Section 

DSECT 

Identifies the beginning of a dummy Control 
Section. 

185 

End 

END 

Identifies end of the source program and 
and start of the object program. 

186 

Set Loca¬ 
tion 

Counter 

ORG 

Used to change the instruction counter 
within a Control Section 

187 

Begin 

Literal 

Pool 

LTORG 

Used to assemble all literals on the next 
double word boundary. 

188 

Conditional 

No-opera¬ 

tion 

CNOP 

Forces the location coxmter to a specified 
half word boundary. Six allowed combina¬ 
tions . 

188 

Eject 

EJECT 

Program listing skips to top of next page. 

188 

Space 

SPACE 

One or more lines are skipped in the 
program listing. 

188 

Title 

TITLE 

Defines the program listing heading and ID. 

189 

Print 

PRINT 

Controls a number of printing functions. 

189 

Instruction 

Format 

Control 

ICTL 

Allows the programmer to change the source 
program format. 

189 

Input 

Sequence 

Check 

ISEQ 

Used to sequence check the source cards 

190 
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APPENDIX A 


Program States and System Capabilities 


The System 360 computer operates in any one of a number of 
•'states. " The following discussion will briefly describe the conditions 
under which various "states" are in effect. 


1. Problem State vs. Supervisor State 

Bit 15 of the PSW determines whether the computer is in the 
Problem State or the Supervisor State. 

Bit 15 State 

1 Problem State 

0 Supervisor State 

When the computer is in the Problem State, all instructions nec¬ 
essary for the programmer to solve his problem (mathematics, busi¬ 
ness, engineering, etc. ) will be available to him, but certain instruc¬ 
tions will not be available. These are a class called privileged 
instructions, which are of primary interest to systems programmers 
(who write or maintain "executive, " "supervisor, " or "input/output" 
type utility programs). Many of the privileged instructions are listed 
in Appendix B. When the computer is in the Supervisor State, all 
instructions are available (including the privileged instructions). 

Since bit 15 of the PSW is the determinant between the two States 
under discussion, switching between them involves changing this bit. 

To change bit 15, the entire PSW must be changed. Switching from 
the Problem State to the Supervisor State can be accomplished when an 
interruption occurs, since this also changes the PSW. The instruction 
LOAD PSW (LPSW, see Appendix B), itself a privileged instruction, 
can have the effect of changing the PSW from the Supervisor State 
to the Problem State. 


2. Wait State vs. Running State 

Bit 14 of the PSW determines whether the computer is in the 
Wait State or the Running State. 

Bit 14 State 

1 Wait State 

0 Running State 

The method of changing bit i4 is the same as the method de¬ 
scribed above for bit 15. In the Running State, the Central Process¬ 
ing Unit (CPU) of the computer is fetching and executing instructions 
in a normal manner. It may be interrupted in a normal manner, to 
the extent that the Program Masks and System Masks permit. 

In the Wait State, the CPU is not fetching and executing instruc¬ 
tions. It is waiting for an external interrupt (e. g. , input/output or 
other similar interrupt) which would switch the CPU from the Wait 
Stcite back to the Running State. 
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3. Stopped State vs. Operating State 

Before power is turned on, the computer can be considered to be 
in the ’’off state. ” When power is turned on, the computer is in the 
Stopped State. In this state, there is no execution of instructions or 
interruptions. The CPU is switched to Operating State when the 
START key is pressed by the machine operator or when initial pro¬ 
gram loading begins. 

The change back and forth from Stopped to Operating State is not 
under program control and is not controlled by a PSW bi"’’ as are the 
other States discussed earlier. 

4. Interruption 

The interruption capabilities of the System 360 are very powerful, 
but by the same token are quite involved. The program currently in 
process of execution is interrupted, so that the condition requiring 

attention (the cause of the interruption) may be attended to-and 

then the program is allowed to continue on. 

The mechanism by which this is achieved is as follows: 

(a) When a program is interrupted, the PSW then in effect (the cur¬ 
rent PSW) is stored away in the ’’old” PSW standard location (refer to 
Appendix C for standard locations). Remember that the PSW contains 
the address of the next instruction in the program as well as the C. C. , 
the program masks, and the system masks (which themselves allow 
or disallow various types of interrupts). 

(b) A ’’new” PSW, obtained from the ’’new” PSW standard location be¬ 
comes the ’’current” PSW. 

(c) At this point, the Instruction Address of the now ’’current” PSW is 
essentially a branch to the appropriate subprogram which will diagnose 
and take care of the cause of interruption. 

(d) When this has been accomplished, a LOAD PSW instruction refer¬ 
encing the ’’old” PSW address will cause the interrupted program to 
continue. 

There are many complexities in the interruption process that are 
not discussed in the simplified explanation above. 

5. Memory Protection 

If a given 360 system has the Store Protect option, it is also pos¬ 
sible to acquire the Read Protect option (Read Protect is not obtainable 
without first having Store Protect). 

Protection is accomplished in the following manner: Storage is 
divided into 2048 byte groups (or blocks): 0-2047, 2048-4095, 4096- 
6143, etc. Each block has associated with it a key consisting of four 
identification bits plus a fifth bit which specifies both store and read 
monitoring (bit=l), or store only monitoring (bit=0). 
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A given program will be able to access a certain block of storage 
only if bits 8-11 (the key) in the '’current” PSW match the key in the 
particular block. Similarly, a given I/O operation will be able to 
access a certain block of storage only if bits 0-3 (the key ) of the Com¬ 
mand Address Word (to be discussed shortly) match the key in the 
particular block. 

Since one or several blocks may have one key, another set of 
blocks have a different key, a third set still a different key, etc. , it 
is evident that programs can be prevented from interfering with one 
another. 

6 . Timer 

For those situations in which time is a consideration (either ab¬ 
solute time or elapsed time), such as "real time” or "on line” appli¬ 
cations, time costing, remote console servicing, etc. , a timer is 
provided at standard location 80. This timer is flexible in that if the 
line frequency of the power supplied to the CPU is 60 cycle, the timer 
can be set (a ”wired-in” function) to decrement bit position 21 and bit 
position 23 each by 1 every 1/60 of a second; for 50 cycle line fre¬ 
quency, bit position 21 and bit position 22 are each decremented by 1 
every 1/50 of a second; alternatively, for high resolution timing (an 
option on some models), bit position 31 is decremented approximately 
every 13 microseconds. 

In any event, the net result is as if bit position 23 were decre¬ 
mented every 1/300 of a second. When the timer (treated as a full 
word, signed integer) overflows from positive to negative, external 
interruption occurs if enabled (bit 24 in PSW = 1); overflow from nega- 
tive to positive does not cause the interrupt condition. 

Any program which may access the rather sensitive block of 
storage in which the timer is located may read the time, or may 
change the time. If undisturbed, the timer will go through its full 
cycle in 15. 5 hours. Just how the timing updates are made and just 
how "bursts” of I/O may cause update delays and losses will not be 
covered here. 


7. Multi-program/Multi-system Capabilities 

The ability of the CPU to permit several programs to "share” the 
computer is enhanced by the addressing system which allows for the 
specification of a base register and/or an index register. The base 
register can "point” to a particular program or set of data. The index 
register is useful in processing items in a list (not all instructions can 
specify both types of registers). 

The "sharing” capability is further aided by the Load Multiple and 
Store Multiple instructions and the powerful interrupt capabilities of 
the computer. Also, the addresses 0-4095 can be relocated by means 
of a prefix. This address block is extremely important because it 
contains the Old and New PSW’s, the Channel Address and Channel 
Status Words, the Timer, etc. In case of storage malfunction or sys¬ 
tem reconfiguration, an alternate prefix is available. 
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If the high order twelve bits of the address are zero, the twelve 
bits of the prefix (or of the alternate prefix) are used. Use and setting 
of the prefix is not a programmer function, therefore this capability 
is only mentioned in passing. 

For multi-computer systems, there are several possibilities for 
inter-computer communications: an I/O device or an aggregate of 
storage may be shared ; a channel to channel adapter is a possible 
option; and control signaling is possible through the Write Direct and 
Read Direct instructions. 


8 . Input - Output (I/O) 

The following simplified introduction to the I/O capabilities of 
360 systems should be adequate for the problem oriented programmer. 
For the systems programmer, study of appropriate IBM manuals 
(further describing the capabilities and complexities of the various 
I/O devices, options, and operations) will be necessary. 

Definition of Terms: 

Channel a channel of communication between the 

CPU or storage unit at one end and the 
control unit at the other end (via the 
"I/O interface"). 

Control Unit the go-between which enables communica¬ 

tion of the standard signals as they exist in 
the channel to and from the I/O device 
with its quite specific needs and require¬ 
ments. (Standard in the sense that the 
voltage levels, times of duration, etc. , are 
the same without regard to which I/O device 
is involved. ) Thus there will be a specific 
type of control unit for each specific type 
of I/O device, meeting the needs of the 
device and translating between the device 
and the standard signals of the channel. 


Multiplexor / Selector: 

these are types of channels. A Multiplexor 
Channel has multiple subchannels. A 
Selector Channel has a single subchannel. 

Burst/ Multiplex: these are modes of channel operations 

related to the type of channel in the follow¬ 
ing manner: 

(1) the Selector Channel operates only in 
the Burst mode; (2) the Multiplex Channel 
operates in either the Burst mode or the 
Multiplexor mode. 
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In the Burst mode, there will be a 
''burst" of information monopolizing all 
channel facilities for its duration. In the 
Multiplex mode, bytes of data can be moving 
through various subchannels (each with its 
attached I/O device) and will be routed cor¬ 
rectly as they travel to (or from) their 
appropriate locations in main storage. 


Channel Address Word 

(CAW): this is a word residing in main storage at 

address 72. It contains the starting location 
of the Channel Program as well as the 
storage-protection key governing the I/O 
operation. 


CAW Format 


key I 0000 I address of channel program 


3 4 


7 8 


31 


Channel Program/Channel 

Command Word (CCW): The Channel Program (consisting of 

one or more CCW*s) is actually a program 
of Commands which the channel has the 
ability to carry out. An individual CCW con¬ 
sists of eight bytes of information, the Com¬ 
mand Code, Data Address, Flags, and Count. 


CCW Format 


command 






code 

data address 

flags 

000 


count 


“53 


7 8 


31 32 36 37 


47 48 


Channel Status Word this is a double word at address 64 consist- 

(CSW): ing of eight bytes of information, the key, 

the Command Address, the Status, and the 
Count. 

CSW Format 


key 

0000 

command address 

status 

count 


0 3 4 7 8 ^ W12 47 48 6J 
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Instruction: 


that which is decoded and/or carried out by 
the CPU. 


Command: 


that which is decoded and/or carried out by 
the Channel. 


Order: 


that which is decoded and/or carried out by 
the Control Unit and/or the I/O device. 


The flexibility, and capability of the system is excellent. The I/O 
operations are initiated with a START I/O instruction which, if the 
channel and the I/O device are available, causes the channel to obtain 
the CAW from standard location 72. The Command Address of the 
CAW informs the channel on where to obtain the first CCW. 

Prior to the START I/O instruction, the system programmer 
must have loaded the appropriate double words into the CAW location 
as well as the channel program locations. 

Note that while the START I/O instruction was directed at the 
CPU, the CAW and CCW are directed at the Channel. (Think of the 
Channel as having Command decode capabilities even as the CPU has 
instruction decode capabilities.^!^) 

The Command Code of the CCW can Read, Read Backward, Write, 
Control, Sense, or Transfer in Channel. The Read, Read Backward, 
and Write Commands cause the Read or Write operation as well as 
specify the Storage locations (by means of Data Address and Count). 

It should be emphasized that once the I/O operations are initiated, 
the CPU can continue with its program of instructions while the 
Channels, Subchannels, Control Units, and Devices fulfill their func¬ 
tions without any appreciable hindrance to the CPU itself. 

Transfer In Channel (TIC) Command: This Command is somewhat 
analagous to an unconditional branch instruction in that it points to the 
CCW which the Channel is to fetch and use next (presumably this would 
be different from the next double word in sequence (which would other¬ 
wise be the CCW). 

Sense Command: This Command specifies where in main storage 
certain types of "sense data" are to be sent. This is dependent on the 
I/O device, e. g. , "Stacker full" -- card reader; or "file Protected"-- 
magnetic tape, etc. 


In some models, the CPU assists the Channel with this function; 
not so in other models. 
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Control Command: This Command, either directly or by way of addi¬ 
tional order information, will issue orders appropriate to a particular 
I/O device, e. g. , ’’Rewinding'* -- magnetic tape unit; or ’’Line Skipping” 
- -printer. 

Halt I/O Instruction: This instruction will cause the operation of a 
given channel to terminate. 

Test Channel Instruction: This instruction sets the C. C. of the PSW 
to indicate the state of the channel (available, interruption, condition, 
working, or not operational). 


Test I/O Instruction: This instruction sets the C.C. and may also 
place information in the CSW (the double word at standard location 64). 
This will indicate the state of the Channel, Subchannel, and I/O Device. 
The C.C. and CSW can be interrogated by the systems program and 
appropriate action can be taken. 


This appendix has been included to round out the basic understand¬ 
ing of the problem oriented programmer, as well as to serve as an 
introduction to these areas for the prospective systems programmer. 
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PRIVILEGED AND MISCELLANEOUS INSTRUCTIONS 


The instructions presented in this Appendix are included here for the 
sake of completeness, but are explained only briefly. (Additional 
details may be obtained by studying the applicable IBM System 360 
Reference Manual. ) The I/O instructions, especially, have many 
ramifications and to discuss them fully would require a book in itself. 


Instruction: 

SUPERVISOR CALL OA/SVC I 

This is an RR type instruction. Bits 8-15 of the instruc¬ 
tion (the I field) replaces bits 24-31 of the old PSW, and bits 16-23 of 
the old PSW become zero. The old PSW is stored at location 32. 

The new PSW is obtained from location 96. 


Instruction: 


MOVE NUMERICS Dl/MVN Di (L, Bi), D 2 (B 2 ) 

This is an SS type instruction. The numerics (low order 
four bits) of each byte of the second operand are placed in correspond¬ 
ing positions of the first operand location. The zones of the second 
operand are not moved and the zones of the first operand remain 
undisturbed. 


Instruction: 

MOVE ZONES D3/MVZ Dj (L, Bj), D 2 (B 2 ) 

This is an SS type instruction. The zones (high order four 
bits) of each byte of the second operand are placed in corresponding 
positions of the first operand location. The numerics of the second 
operand are not moved and the numberics of the first operand remain 
undisturbed. 


Instruction: 

EDIT DE/ED Di (L, Bi), D2 (B2) 


Instruction: 


EDIT AND MARK DF/EDMK Di (L, Bi), D2 (B2) 

These are both SS type instructions. The second operand 
is edited (in addition, the address of the first significant result digit 
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is placed in Rl - with the EDMK instruction) under control of the first 
operand. The second operand then replaces the first operand. 

Editing allows sign control, suppressing of leading zeros, 
punctuation control, and blanking of zero fields. For precise details 
of how this is accomplished, the student should refer to the applicable 
IBM publication. 


Instruction: 

LOAD PSW 82/LPSW Di (Bi) (Privileged instruction) 

This is an SI type instruction. Bits 8-15 are not used. 
The double word at the location specified by Bi and Di replaces the 
current PSW. 


Instruction: 


SET SYSTEM MASK 80/SSM Di (Bi) (Privileged instruction) 

This is an SI type instruction. Bits 8-15 are not used. 

The byte at the location specified by Bi and Di replaces bits 0-7 (the 
system mask bits) of the current PSW. Bits 0 through 6 enable (1 bit) 
or disable (0 bit) interrupts on channels 0 through 6 respectively, 
while bit 7 enables/disables interruption from any or all of the follow- 

timer 

interrupt key 
external signal 

(these are grouped together as far as interrupt lockout is concerned). 


Instruction: 


SET STORAGE KEY (from general register to key location). 

08/SSK Rl , R 2 (Privileged instruction) 

This is an RR type instruction. The key of one of the 2048 
byte blocks of storage is set. Which block it is is determined by bits 
8-20 of the general register specified by R 2 . (Bits 0-7 and 21-27 of this 
register are ignored, but bits 28-31 must be zero. ) 

The key is set equal to bits 24-28 of the general register 
specified by Ri . (Bits 0-23 and 29-31 of this register are ignored. ) 
Note: When Fetch Protection is not installed, bit 28 is ignored. Also, 
see Note 2 at the end of the next instruction. 
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Instruction: 

INSERT STORAGE KEY (from key location to general register) 

09/ISK Ri , R 2 (Privileged instruction) 

This is an RR type instruction. The key of the 2048 byte 
block of storage is inserted. The key is specified by bits 8-20 of the 
general register specified by R 2 (Bits 0-7 and 21-27 of this register 
are ignored, but bits 28-31 must be zero. ) 

The key is inserted into bits 24-28 of the general register 
specified by Ri (Bits 0-23 of this register are imchanged, but bits 
29-31 are set to zero. ) 

Note: When Fetch Protection is not installed, bit 28 will be set to zero. 

Note 2: Store protection is optional on some models of the System 360. 
If this option is installed on a particular 360 machine, then read protec¬ 
tion becomes available as an additional option. If these features are 
not installed, then bits 8-11 (the key field) of the PSW must be zero. 

If protection is installed, then for each 2048 byte block of 
core storage (0-2047, 2048-4095, etc. ) there will be associated a key 
(which is not in addressable storage), access to which is obtainable 
only via the two privileged instructions just discussed. 

When bit 28 (mentioned in the two instructions above) be¬ 
comes the low order bit of the 5-bit key and is 1 or 0 respectively, 
then Fetch Protection is or is not in force respectively. If all bits of 
the key are zero, then Store Protection is not in force; otherwise it is. 
Therefore, in order for storing or fetching to take place when protection 
is in force, bits 8-11 (the key field) of the PSW must match the high 
order 4 bits of the 5-bit key in effect for the particular 2048 byte block 
of storage being accessed. 


Instruction: 

TEST AND SET 93/TS Di (Bi) 

This is an SI type instruction. Bits 8-15 are not used. 

The high order bit of the first operand byte (as specified by Di and Bi) 
determines the setting of the Condition Code: 

CC = 0 if bit is 0 
CC = 1 if bit is 1 

As part of the same instruction, the byte is set to all ones 
after the test without regard to the results of the test. No access to 
the subject location is permitted between the fetching of the byte for 
testing, and the storing of all ones. Thus, if several parts of a pro¬ 
gram use and/or update the same list (and these uses and updates 
should not occur interspersed), the TS instruction applied to a ’*sema- 
phore’* byte associated with the list will either warn the prospective 
user that the list is "in use" (with C. C. of 1) or will reassure the 
prospective user that "the list is his" (he will signal his relinquishment 
of the list by making the "semaphore" byte zero). The TS instruction 
stands ready to warn any would-be user when the list is "in use. " 
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Instruction: 


START (I/O) 9C/SIO Di (Bi) (Privileged instruction) 

This is an SI type instruction. Bits 8-15 are not used. 

Di plus the contents of Bi specify channel, sub-channel, and I/O 
device. The Channel Address Word (CAW) at location 72 is referred 
to for the sub-channel protection key as well as for the location of the 
first Channel Command Word (CCW). 

The CCW, in turn, specifies just which operation is to be 
performed and the storage locations to be accessed, as well as indica¬ 
tions (or actions) upon completion of the operation. 


Instruction: 

TEST (I/O) 9D/TI) Di (Bi) (Privileged instruction) 

This is an SI type instruction. Bits 8-15 are not used. 

Di plus the contents of Bi specify channel, sub-channel, and I/O 
device. The state of the device is indicated by the Condition Code and 
(for certain conditions) by storing the Channel Command Word (CCW). 
Pending interrupts may be cleared. 


Instruction; 


HALT (I/O) 9E/HIO Di(Bi) (Privileged instruction) 

This is an SI type instruction. Bits 8-15 are not used. 

Di plus the contents of Bj specify channel, sub-channel, and I/O 
device. I/O operations currently proceeding, involving the specified 
device, are halted. 


Instruction: 

TEST CHANNEL 9F/TCH Di (Bi) (Privileged instruction) 

This is an SI type instruction. Bits 8-15 are not used. 

Di plus the contents of Bi specify the channel, and the resulting Con¬ 
dition Code indicates the state of the specified channel. 


Instruction: 

WRITE DIRECT 84/WRD Di (Bi), I 2 (Privileged Instruction) 

This is an SI type instruction. The byte at the first oper¬ 
and address becomes a set of static (data) signals on eight direct-out 
lines (for external communication). The byte at the I 2 field, itself, 
becomes a set of timing (control) signals (of 0. 5 to 1.0 microsecond 
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duration) which are presented on eight signal-out lines together with 
an additional similar timing signal (’*write-out”). 


Instruction: 

READ DIRECT 85/RDD Di (Bi), I 2 (Privileged instruction) 

This is an SI type instruction. Eight bits (data) from eight 
direct-in lines are placed in the first operand byte location if a hold 
signal on the accompanying ’’hold in" line is absent. Also, as with 
"Write Direct", the byte at the I 2 field, itself, becomes a set of 
timing (control) signals (or 0.5 to 1.0 microseconds duration) which 
are presented on nine signal-out lines together with an additional 
similar timing signal ( "read out"). The eight signal-out lines are the 
same as for Write Direct, but the "read out" is a different line from 
the "write out. " 


Instruction: 


DIAGNOSE 83 (no mnemonic) (Privileged instruction) 

This is an SI type instruction. As the name suggests, this 
instruction is used as an aid in the diagnosis of malfunctions in com¬ 
puter operation. Its functions are dependent on the particular CPU 
(Central Processing Unit) of the 360 computer and are primarily of 
interest to the maintenance engineer. 
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SUMMARY INSTRUCTION CHART 



Summary of: 

Reference 

Nos. 

Pag' 

I. 

Branching Instructions 

I- 29 

210 

II. 

Fixed Point Instructions 

30- 59 

212 

III. 

Decimal Instructions 

60 - 79 

214 

IV. 

Floating Point Instructions 

80-129 

215 

V. 

Logical Instructions 

130-169 

218 

VI. 

Special Assembler Instructions 

170-199 

220 

VII. 

I/O and Miscellaneous Instructions 

200-219 

221 

VIII.Special Storage Locations 


223 

IX. 

PSW Details 


224 
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Appendix C - Summary Instruction Chart 


Special Comments re Headings of Summary Pages: 

The following two pages contain listings of all operation codes in 
alphabetical sequence by mnemonic codes and numeric sequence by 
numeric codes. Next to each operation code is an arbitrarily assigned 
reference number. The desired code may be quickly located in the 
tables on the following pages by locating the reference number (first 
column in the tables). Note the reference numbers by category in the 
Summary on the previous page. 


Operand Boundaries; Codes used are as follows: 


Code 

Meaning 

Operand Address Must 
be Divisible by: 

H 

Halfword Boundary 

2 

F 

Fullword Boundary 

4 

D 

Doubleword Boundary 

8 


Interruptions, Exceptions, Etc. : Codes used are as follows: 


Code 


Meaning 


ADDR Address (unavailable) 

FETCH Memory protection 

(PSW key not 0 if 
feature absent; not 
match Storage block 
key if present) 

DATA Data (not properly 

specified) 


FLPT DIV 

FXPT DIV 

FX PT O’ 
FLOW 

OP 


Floating Point Divide 
Fixed Point Divide 


Fixed Point Overflow 

Operation (this Op 
can* t be used; 
feature not installed) 


Code 


Meaning 


PRIV 

SIG 

SPEC 


Privileged Instruction 
Significance 
Specification (improp¬ 
er storage boundary 
or register specified) 


STORE 


DEC DIV 

DEC O’ 
FLOW 

EXP O’ 
FLOW 

EXP U’ 
FLOW 


Memory Protection 
(PSW key not 0 if 
feature absent; not 
match Storage block 
key if present) 

Decimal Divide 


Decimal Overflow 


Exponent Overflow 


Exponent Underflow 


Subscripting: 

In the Summary pages that follow, subscripting was deliberately 
omitted and whole numbers were used in the Format Sections. Do not 
confuse the whole numbers with specific general registers as subscripting 
is implied throughout the tables (Rl means Ri , etc, ) 
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CROSS REFERENCE TABLE (Mnemonic) 


Mnemonic 

Operation 

Code 

Reference 

Number 

Mnemonic 

Operation 

Code 

Reference 

Number 

Mnemonic 

Operation 

Code 

Reference 

Number 

Mnemonic 

Operation 

Code 

Reference 

Number 

A 

30 

CR 

42 

1 

LTORG 

181 

ST 

52 

AD 

80 

CSECT 

178 

LTR 

51 

START 

177 

ADR 

81 

CVB 

67 

M 

36 

STC 

133 

AE 

82 

CVD 

66 

MD 

96 

STD 

120 

AER 

83 

D 

39 

MDR 

97 

STE 

121 

AH 

32 

DC 

171 

ME 

98 

STH 

54 

AL 

150 

DD 

100 

MER 

99 

STM 

53 

ALR 

151 

DDR 

101 

MH 

38 

SU 

94 

AP 

60 

DE 

102 

MP 

63 

SUR 

95 

AR 

31 

DER 

103 

MR 

37 

SVC 

201 

AU 

86 

DP 

64 

MVC 

131 

SW 

92 

AUR 

87 

DR 

40 

MVI 

130 

SWR 

93 

AW 

84 

DROP 

174 

MVN 

202 

TCH 

214 

AWR 

85 

DS 

170 

MVO 

70 

TIO 

212 

B 

10 

DSECT 

179 

MVZ 

203 

TITLE 

185 

BAL 

7 

ED 

204 

N 

134 

TM 

159 

BALR 

8 

EDMK 

205 

NC 

136 

TR 

160 

BC 

1 

EJECT 

183 

NI 

137 

TRT 

161 

BCR 

2 

ENTRY 

175 

NR 

135 

TS 

210 

BCT 

3 

EQU 

172 

O 

138 

USING 

173 

BCTR 

4 

EX 

9 

OC 

140 

UNPK 

69 

BE 

12 

EXTRN 

176 

OI 

141 

WRD 

215 

BH 

13 

HDR 

122 

OR 

139 

X 

142 

BL 

14 

HER 

123 

ORG 

180 

xc 

144 

BM 

15 

HIO 

213 

PACK 

68 

XI 

145 

BNE 

19 

IC 

132 

PRINT 

186 

XR 

143 

BNH 

20 

ICTL 

187 

RDD 

216 

ZAP 

61 

BNL 

21 

ISEQ 

188 

S 

33 



BNM 

22 

ISK 

209 

SD 

88 



BNO 

23 

L 

44 

SDR 

89 



BNP 

24 

LA 

158 

SE 

90 



BNZ 

25 

LCDR 

116 

SER 

91 



BO 

16 

LCER 

117 

SH 

35 



BP 

17 

LCR . 

50 

SIO 

211 



BR 

11 

LD 

108 

SL 

152 



BXH 

5 

LDR 

109 

SLA 

55 



BXLE 

6 

LE 

110 

SLDA 

57 



BZ 

18 

LER 

111 

SLDL 

156 



C 

41 

LH 

46 

SLL 

154 



CD 

104 

LM 

47 

SLR 

153 



CDR 

105 

LNDR 

114 

SP 

62 



CE 

106 

LNER 

115 

SPACE 

184 



CER 

107 

LNR 

49 

SPM 

200 



CH 

43 

LPDR 

112 

SR 

34 



CL 

146 

LPER 

113 

SRA 

56 



CLC 

148 

LPR 

48 

SRDA 

58 



CLI 

149 

LPSW 

206 

SRDL 

157 



CLR 

147 

LR 

45 

SRL 

155 



CNOP 

182 

LTDR 

118 

SSK 

208 



CP 

65 

LTER 

119 

SSM 

207 




208 






















CROSS REFERENCE TABLE (Numeric) 


Numeric 

Operation 

Code 

Reference 

Number 

Numeric 

Operation 

Code 

Reference 

Number 

Numeric 

Operation 

Code 

Reference 

Number 

Numeric 

Operation 

Code 

Reference 

Number 

04 

200 

3C 

99 

7B 

90 

F3 

69 

05 

8 

3D 

103 

7C 

98 

F8 

61 

06 

4 

3E 

87 

7D 

102 

F9 

65 

07 

2, 11 

3F 

95 

7E 

86 

FA 

60 

08 

208 

40 

54 

7F 

94 

FB 

62 

09 

209 

41 

158 

80 

207 

FC 

63 

OA 

201 

42 

133 

82 

206 

FD 

64 

10 

48 

43 

132 

83 

217 



11 

49 

44 

9 

84 

215 



12 

51 

45 

7 

85 

216 



13 

50 

46 

3 

86 

5 



14 

135 

47 

1,10, 12-25 

87 

6 



15 

147 

48 

46 

88 

155 



16 

139 

49 

43 

89 

154 



17 

143 

4A 

32 

8A 

56 



18 

45 

4B 

35 

8B 

55 



19 

42 

4C 

38 

8C 

157 



lA 

31 

4E 

66 

8D 

156 



IB 

34 

4F 

67 

8E 

58 



1C 

37 

50 

52 

8F 

57 



ID 

40 

54 

134 

90 

53 



IE 

151 

55 

146 

91 

159 



IF 

153 

56 

138 

92 

130 



20 

112 

57 

142 

93 

210 



21 

114 

58 

44 

94 

137 



22 

118 

59 

41 

95 

149 



23 

116 

5A 

30 

96 

141 



24 

122 

5B 

33 

97 

145 



28 

109 

5C 

36 

98 

47 



29 

105 

5D 

39 

9C 

211 



2A 

81 

5E 

150 

9D 

212 



2B 

89 

5F 

152 

9E 

213 



2C 

97 

60 

120 

9F 

214 



2D 

101 

68 

108 

D1 

202 



2E 

85 

69 

104 

D2 

131 



2F 

93 

6A 

80 

D3 

203 



30 

113 

6B 

88 

D4 

136 



31 

115 

6C 

96 

D5 

148 



32 

119 

6D 

100 

D6 

140 



33 

117 

6E 

84 

D7 

144 



34 

123 

6F 

92 

DC 

160 



38 

111 

70 

121 

DD 

161 



39 

107 

78 

110 

DE 

204 



3A 

83 

79 

106 

DF 

205 



3B 

91 

7A 

82 

FI 

70 







F2 

68 
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0^0 

oTo 

X Jr! 

QO CD 



O lil 
O D_ 

O UJ 
O O- 

§!if 

O UJ 
O Q. 

O UJ 

o a- 

CD UJ 
CD O. 

O Ul 
O X 

O Ul 
CD X 

O Ul 
O X 



<< CO 

*< CO 

xi CO 

•< CO 

-< CO 

•< CO 

xt CO 

•< CO 

-< CO 

•< CO 

^ X 

^ X 

x: 

3C 

x: 

z 

X 

X 

X 

X 

- 

X 

X 

X 

X 














o 

ci 

o 

C3 

o 

O 

o 

o 

CD 

CD 

CD 

CD 

CD 

o 

o 

c^ 

cJ 

c^ 

O 

o 

CD 

O 

O 

CD 

CD 

CD 

c 

c: 

c 

c 

c 

c 

c= 

C 

c 

c: 

C 

C 

c 

a> 

<D 

a> 

o 

o 

a> 

<D 

(1> 

0) 



(U 


OI 

c 

OI 

c 

OI 

c 

OI 

c: 

OI 

c 

OI 

OI 

c 

OI 

c 

OI 

c 

OI 

OI 

OI 

dJ 

OI 

(d 

(d 

cd 

(d 

(d 

(d 

(d 

cd 

(d 




c 


jC 



X 


X 

X 

X 




(d 

o 

o 

o 

o 

o 

o 

o 

o 

o 

“5 

«iC 

o 

"S 

X 

o 

o 

o 

o 

o 

O 

o 

o 

O 

o 

o 



C 

c 

c 

c 

c 

c 

c 

c 

c 

c 


c 

o 

c 













•4—S 

CM 



CO 

CM 

o 

— CM 

o 'ZT 

o«^ 


CM 


CM 




OQ 

CM 

CM 

O CM 

O X 

O CM 

! "" “ 

tf- 

H- 


H- 


*4- 

•4- • 


•f- OQ 

X 


X 



O 

CM 

O 


o--' 

CM 

O CM 
X 

® CM 

°cJ 

•4- •• 

O CM 

•4- CM 

o X 

•♦— • 
O CM 

•4- CM 

O X 


■ CM 

• CM 

• OQ 

• OQ 


• ^ 

• X 

X 


X 


o “ 

O CD 

O “ 

O OQ 

O - 
■ CM 



“a 

Ok- 
• CM 

CD CM 

CD CM 

CD CM 

CD CM 

<-> X 

O CM 

X 

- • CM 
<•> X 

O CM 
X 

O X 

O X 

« o 

o ^ 

O O 

• O 

O 

• O 

O 

• O 

O _ 

• O 

O ^ 




a.w« 

a. 

O.^ 

0.-H 


X O 

O 

O 

o 

O 

3 CM 

3 CM 
O 

=»CM 

3 CM 

o 

3 CM 

o 

DO 

3 CM 
O 
D£ 

3 

X 
^ O 

3 

3 -M 

X X 

X+J 

3 

X 

X-H 

3 

X 

X -M 
3 

X 

X -4J 

3 

X 

O o 

o o 
— ^ 

O o 

o o 

— -H 

o o 

— •4-1 

o o 

— -t-t 

-- § 

.e 2 

O O 
— C 

X o 
^ E 

X o 

o c 

X o 

E 

X c^ 

^ S 


a. 


O. 

o. 

a. 

o. u 

cx 2 

X (d 

— <d 

— (d 

— (d 

— <d 


r— 



JZ 


X 


i- 

X u 

X i- 

X i- 

X u 

JZ 

ZI ^ 

— o 

o 

— o 

— o 

— o 


^ X 

— X 

X 

X 

X 

X 

^ c 


.i— c 

— c 

— ca 

^ -O 








— (d 


•— (d 

— <d 

— <d 

— c 

*0 

— "O 

p— -o 

— -O 

— "O 

— -O 

i 2 


i £ 




s (d 


* § 

— c 
Z <d 

— c 
Z <d 

— c 
Z (d 

— cz 

Z (d 

-n 

«/) "O 

JiJ 

(0 -ta 

CO *0 

DO 

CO -O 

DO 

CO -O 

DC CM 
CO 


X 

CO CM 

X CM 

X CO 

X — 

X CM 

3. g 

£ i 

^ c 
X (d 

I g 

i s 

1 g 

Ma 

or 

JO 

BH 

Ma 

or 

Mas 

or 

Mas 

or 

Mas 

or 

Mas 

or 


k_ 




k. 



k. 






o 


u. 

L. 

o 

k_ 

k. 

o 


k. 

u 


k- 


L. 

O 

o 


o 

o 


i. 

o 

O 

o 

o 


o 







o 





CM 




CM 



CM 






CD 


CM 

CM 

OQ 

CM 

CM 

OQ 


CM 

CM 

CM 

CM 


CM 

OQ 

OQ 


CD 

m 


CM 

X 

X 

X 

OQ 


CD _i—. 







flQ % 




•>CM 

CM CM 

*CM 
S OQ 

CM CM 

CM CM 

CM CM 

CM CM 

CM CM 

CM S 

• CM 

CM CM 

CM CM 

CM CM 

CM oa 

X CD 

X OQ 

X OQ 

X OQ 

X CO 

X OQ 

X ^ 

CM X 

X X 

X X 

X X 

X 













CM CM 

CM CM 

^CM 
O Q 

CM CM 

CM CM 

CM CM 

CM CM 

CM CM 

i-j CM 
CM Q 

^ CM 

CM CM 

CM CM 

CM CM 

O O 

O O 

CD O 

O O 

O CD 

O CD 

O O 

O 

X CD 

O X 

o o 


X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

oz 

oz 

oc 

oe 

oc 

oc 

X 

X 

X 

X 

X 

X 


s 

—I 

z 

O 

Q. 

ISI 

Ul 

X 

-J 

Z 

O 

X 

M 

OQ 

OQ 

03 

OQ 

OQ 

OQ 

z 

z 

z 

z 


z 








m 

OQ 

eo 

X 

X 

X 

X 





IK. 

IK. 


fK 

Ik 

hr 



Ci 





=J- 




=»• 


=h 












CO 



CO 







(d 



3 

CO 

CO 

o 




5 



3 

OI 

Z 

C 

o 

3 

k. 



CO -n 

•Ik 


CO 

O’ 

UJ 

X 

o 

Z 

s 

x 

0> 

INI 

OI 

3C 

C ® 

k. CO 
0) 0) 

CO 

3 

O O 
u u 

■H 

■4-1 

-4J 

-H 

-M 

■JJ 

-H 

ar 

o 


dS 


O V 

o 

O 

o 

O 

O 

O 

o 


2j 

xHE 

1 ^ 

IM INI 

z 

z 

z 

z 

z 

z 

z 

c 

o 

c 

O 

5.'!: 

C •!- 
O — 

s 

C *4- 
O — 

c 

o 

s 

C 

o 

c 

o 

c 

o 

c 

O 

c 

o 

CO 

z± 

to 

1 ~ 


— 

o> 

20 


22 

23 

si- 

CM 

25 


o 

> 

(D 


E 

CM 


O 

O 
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II. FIXED POINT INSTRUCTIONS: 


ua jajsH 
aSBd 

LO 

CO 


— 

5^ 

m 

CO 

00 

=± 

CO 

CO 

CM 

CO 

=± 

CO 

tn 

CM 

CO 

CD 

Additional 

User 

Comments 














Interruptions, 
Exceptions, 
Etc. 

FETCH,ADDR,SPEC, 
FXPT O'FLOW 

FXPT O’FLOW 

FETCH,ADDR,SPEC, 
FXPT O’FLOW 

FETCH,ADDR,SPEC, 
FXPT O’FLOW 

FX PT O’FLOW 

FETCH,ADDR,SPEC, 

FX PT O’FLOW 

FETCH, ADDR, 

SPEC. 

SPEC. 

FETCH, AOOR, 

SPEC. 

FETCH, ADDR, 

SPEC, FX PT DIV. 

SPEC, 

FX PT. DIV. 

FETCH, AOOR, 

SPEC. 

none 

SHiHVQNaoa 

QNvaado 

tu 

(d 

c 


LL. 

<0 

c 



(0 

c. 

z z 

U- 

(d 

tz 

Li- 

cd 

c 

Indication 
For C. C. Value 

CO 

§ 

"o 

o’f low 

o’f low 

o’f low 

1 

H- 

*0 

o’f low 


cJ 

. cJ 

- o 

ci 

not 

appli- 
cable 

(d 

c 

03 - 

o 

A 

o 

A 

o 

A 

> 0 

O 

A 

o 

A 

cJ 

cJ 

c 

cJ 

c 

cJ 

c 

cJ 

c 

ci 

c 

1st 

hi 

1st 

hi 


o 

V 

— 

o 

V 

o 

V 

o 

V 

o 

V 

o 

V 

a> 

OI 

c 

to 

JZ 

(1> 

cn 

c 

(d 

JZ 

o 

0) 

ot 

c 

(d 

JZ. 

o 

a> 

Ol 

c 

cd 

z 

o 

(D 

Ol 

c 

(d 

z 

o 

1st 

lo 

1st 

lo 

o 

o 

II 

o 

II 

o 

11 

o 

II 

o 

II 

o 

II 

o 

o 

c 

o 

c 

o 

c. 

o 

c 

o 

tz 

11 

II 


Comments 

02 (X2,B2) added to Rl; 

Sum in Rl. 

R2 added to 41; sum in Rl. 

D2(X2,B2) added to Rl; 
sum in Rl. 

D2 (X2,B2) subtracted from 

Rl; difference in Rl. 

R2 subtracted from Rl; 
difference in Rl 

D2(X2,B2) subtracted from 

Rl; difference in Rl. 

Rl odd multi pi ied by D2(X2,B2); 
product in Rl even (hi-order 
part) and Rl odd (low-orderpL' 

Rl odd multiplied by R2; pro¬ 
duct Rl even (hi-order part) 
and Rl odd (lo order part) 

Rl multiplied by D2 (X2,B2) 
product single word in Rl. 

Rl even and odd divided by 

D2 (X2,B2); quotient in Rl odd 
remainder in Rl even. 

Rl even and odd divided by R2 ; 
quotient in Rl odd, remainder 
in Rl even. 

1st opei^nd compared with 

2nd operand 

as above 

Operand 

General 

Format 

RI,D2(X2,B2) 
or Rl, 02 (B2] 

CM 

0£. 

_ 

OQ 

OD 
* CM 
CM Q 
X “ 

Q ai 

“ o 

RI,D2 (X2,B2) 
or Rl,02 (B2) 

CM 

OC 

OC 

RI,D2(X2,B2) 
or Rl, 02(B2) 

RI,D2 (X2,B2) 
or Rl, 02 (B2) 

CM 

oe: 

OC 

Rl,02 (X2,B2) 
or Rl, 02 (B2) 

Rl, 02 (X2,B2) 
or Rl, 02 (B2) 

Rl, R2 

Rl, 02 (X2,B2) 
or Rl, 02 (B2) 

CM 

OC 

OC 

3dAl 

X 

oc 

OC 

OC 

X 

OC 

X 

OC 

OC 

OC 

X 

OC 

X 

OC 

OC 

OC 

X 

OC 

X 

oe: 

OC 

OC 

X 

OC 

OC 

OC 

NOI 

31 

3003 

lVH3dO 

NOW3NW 


OC 

>< 

3= 

•< 

CO 

OC 

CO 

z 

CO 

X 

OC 

X 


o 

OC 

Cx 

o 

OC 

o 

3003 

NOIlVaSdO 

3NIH3VW 

•< 

m 



OQ 

in 

oo 

oo 

o 

in 

o 


o 

in 

o 

o> 

in 

o> 

Title 

Add 

Add 

Add Halfword 

Subtract 

Subtract 

Subtract 

Multiply 

Multiply 

Multiply 

Halfword 

Divide 

Divide 

Compare 

Algebraic 

Compare 

algebraic 

H39WnN 

33N3H333>I 

o 

CO 

CO 

CM 

CO 

CO 

CO 

=J- 

CO 

in 

CO 

CD 

CO 

CO 

oo 

CO 

o> 

CO 



S! 


212 




213 


Algebraic 
















































































































































III. DECIMAL INSTRUCTIONS; 


1 

aouajajaa 

1 aS-ed 


s? 

a? 

S; 

— 

o 


2 

8 

8 

107 

Additional 

User 

Comments 












Interruptions, 

Exceptions, 

etc. 

OP.FETCH,STORE, 
ADDR, DATA, 

DEC OTLOW 

1 

in 

a 

as above 

OP, FETCH, STORE, 
ADDR, spec;, data. 

OP, FETCH, STORE, 
ADDR, SPEC, DATA, 
DEC DIV. 

OP, FETCH, ADDR, 
DATA 

STORE, ADDR, 

SPEC. 

FETCH, ADDR, 

SPEC, DATA, 

FX PT DIV. 

FETCH, STORE, 
ADDR. 

as above 

as above 

SHiHVQNaoa 

ONvaado 


-K 

■K 

-K 

* 

■K 

-K 

Q 

Q 

d 

d 

n.a. 

d 

d 

Indication 

For C. C. Value 

CO 

1 

dflow 

O 

u 

d 

d 

d 

d 

d 

Jj _ 

_d_ 

_d_ 

rs] — ► 

O 

A 

o 

A 

o 

A 

"td— 

c 

d 

c 

o 

d 

a 

d 

c 

in C. 

in C. 

in C. 

^ — ► 

o 

V 

o 

V 

<0 

i 

X! 

U 

change 

o 

Si. 

g 

X 

u 

g 

x: 

u 

0) 

I 

■g 

hcmge 

hange 

o 

o 

II 

o 

II 

o 

II 

s 

_ 

g 

o 

II 

§ 

_ci_ 

g 

s 

g 

g 

Comments 

2nd open added to 1st c^er.; 
length defined by L; sum 
replaces 1st operand. 

2nd oper. moved into 1st oper. 
location; 1st operand lost. 

2nd oper. subtracted from 1st 
oper. Difference replaces 1st 
operand. 

1st oper. multiplied by 2nd oper.; 
product replaces 1st operand. 

1st oper. divided by 2nd oper.; 
quotient and remainder replace 

1st operand. 

1st oper. con5)ared to 2nd oper.; 
C.C. is changed. 

1st oper. converted to packed 
decimal format from binary; stored 
in (double word) 2nd oper. locotio 

2nd oper. converted to binary from 
pack^ decimal format; stcjred in 
1st oper.lcx:ation (sign.and 31 bits 

2nd oper. is packed cmd placed in 
1st oper. location (2nd oper. origi¬ 
nally in zoned format). 

2nd oper. (originally in packed 
format) is unpacked and placed 
in 1st oper. lcx:ation. 

2nd oper. is placed to the left of 
the low order byte of 1st oper¬ 
and IcKTotion. 

T3 

c: 

(tJ 

o 

Cli 

General 

Format 

DKLl.Bl), D2 
(L2,B2) 

as above 

as above 

os above 

as above 

as above 

as 

2 s 

CM . 

CN iii 

O 

^ ' 

Q ^ 

oc S 

D1 (Ll.Bl), 

D2 (L2. B2) 

as above 

as above 

O 

3dAX 





2 

2 

RX 

RX 

CO 

CO 

2 

2 

3003 

Noiivasdo 

^INO^\3N^\ 

AP 

ZAP 


MP 

& 

CP 

CVD 

CVB 

PACK 

UNPK 

MVO 

-3003 

NOIlVHHdO 

3NIH3VW 

FA 

00 

lu 

FB 

FC 

FD 

CD 

u. 


ti. 

CN 

u. 

00 

lu 

t-H 

Title 

Add (Packed) 
Decimal 

Zero and Add 
(Packed) Dec. 

Subtract 
(Packed) Dec. 

Multiply 
(Packed) Dec. 

Divide 

(Packed) Dec. 

Compcjre 
(Packed) Dec. 

Convert to 
Decimal 

Convert to 
Binary 

Pack 

Unpack 

Move With 
Offset 

HSaWQN 

33N3a3J3a 

s 

(O 

CN 

CO 

2 

s 

2 

2 

CO 

s 

<5 

CO 




I 

(/) 

M 

(U 


■g 


0) 

i«-4 


i5 
1 
I I 

'S 2 

U <0 
•2 

8 .2 


ii 

I i 

M 

S « 

I b 

§ J 

f—I 

# & 

1 | 

O O 

II 

i 2 
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IV. FLOATING POINT INSTRUCTIONS: 


aS-Bd 

CO 

CM 

CO 

CM 

CO 

CM 

CO 

CM 

CO 

CM 

CO 

CM 

CO 

CM 

CO 

CM 

CO 

CM 

CO 

CM 

CO 

CM 

CO 

CM 

Additional 

User 

Comments 













Interruptions, 

Exceptions, 

Etc. 

OP,FETCH,ADDR, 

SPEC,SIG,EXP O'FLOW 

EXP U'FLOW 

0P,SPEC,SI6,EXP 

O'FLOW, EXP U'FLOW 

OP, FETCH, ADOR, 

SPEC, SIG, EXP O'FLOW 
EXP U'FLOW 

OP,SPEC,SIG,EXP 

O'FLOW, EXP U'FLOW 

OP, FETCH, ADOR, 

SPEC, SIG, EXP O'FLOW. 

OP, SPEC, SiQ, 

EXP O’FLOW 

OP, FETCH, ADOR 

SPEC, SIG, EXPO'FLOW 

OP, SPEC, SIG, 

EXP O'FLOW. 

OP, SPEC, SIG, 

EXP O'FLOW 

OP, SPEC, StG, 

EXP O’FLOW 

OP, SPEC, SIG, 

EXP O'FLOW 

OP, SPEC, SIG, 

EXP O'FLOW 

SHIHVQNnOO 

QNVHHdO 

o 

(0 

c 

U. 

(d 

c 

O 

(0 

C 

U. 

c 

O 

(0 

c 

LI- 

(0 

c 

Indication 

For C. C. Value 

— 

m 

— 

fM 

F-H 

O 

frac. <0 >0 exp. 

= 0 o'flo 

as above 

as above 

as above 

as above 

as above 

as above 

as above 

as above 

as above 

as above 

as above 

Comments 


2nd operand added to tst 
oper.; sum wi11 be in 1st 
oper. register pair 

as above 

2nd operand added to ist 
oper.; sum will be in ist 
oper. even register. 

as above 

2nd operand added to tst 
oper.; sum in tst oper. 
register pair. 

as above 

— 

2nd operand added to tst 
oper.; sum in tst operand 
even register. 

as above 

2nd oper.subtracted from tst 
oper.; result returned to tst 
oper. register pair. 

as above 

as above-result returned to 
ist oper. even register. 

as above 

Operand 

General 

Format 

RI,D2(X2,B2) 
or Rl, D2(B2) 

CM 

Rl, 02(X2,B2) 
of Rl, 02 (B2) 

CM 

on 

on 

oo oo 

X CM 

— o 

2- 

on 

— V. 

on o 

CM 

on 

on 

Rl, 02 (X2, B2) 
or Rl, 02 (B2) 

CM 

on 

on 

RI,D2(X2,B2) 
or Rl, 02 (B2) 

Rt, R2 

RI,D2(X2,B2) 
or R 1, 02 (B2) 

CM 

on 

on 

3dAl 

X 

oe 

oc 

oc 

X 

oc 

on 

on 

X 

on 

on 

on 

X 

on 

on 

on 

X 

on 

on 

on 

X 

on 

on 

on 

HOOD 

NOIlVHHdO 

DINOW3NW 

o 

•< 

ADR 

UJ 

•< 

AER 


AWR 


AUR 

o 

CO 

SDR 

LU 

CO 

SER 

3003 

NOIlV33dO 

3NIH3VW 

-< 

<o 

•< 

CM 

•< 

•< 

CO 

LU 

<o 

UJ 

CM 

_ 

UJ 

UJ 

CO 

oo 

(O 

OO 

CM 

oo 

00 

CO 

Title 

Add Normal¬ 
ized Long 

Add Normal¬ 
ized Long 

Add Normal¬ 
ized Short 

Add Normal¬ 
ized Short 

Add Unnormal¬ 
ized Long 

Add Unnormal¬ 
ized Long 

Add Unnormal¬ 
ized Short 

Add Unnormal¬ 
ized Short 

Subtr. Normal¬ 
ized Long 

Subtr.Normal¬ 
ized Long 

Subtr.Normal¬ 
ized Short 

Subtr.Normal- 
ized Short 

H39WaN 

33N33333H 

o 

oo 

00 

CM 

00 

CO 

oo 

=± 

oo 

m 

oo 

u> 

oo 

00 

00 

00 

o> 

00 

—j 

o> 
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IV. FLOATING POINT INSTRUCTIONS 


aS-Bci 

123 

123 

CO 

CM 

CO 

CM 

127 

127 

127 

127 

o> 

CM 

a> 

CM 

o> 

CM 

129 

o> 

o> 

o> 

— 

Additional 

User 

Comments 

















Interruptions, 
Exceptions, 

Etc. 

OP, SPEC, SI6, 

EXP O'FLOW 

OP, SPEC, SIG, 

EXP O'FLOW 

OP, SPEC, SIG, 

EXP O'FLOW 

OP, SPEC, SIG, 

EXP ONFLOW 

OP, FETCH, ADDR, 

SPEC, EXP O'FLOW 

EXP U'FLOW 

OP, SPEC, EXP O’FLOW, 
EXP U»FL0W. 

0P,FETCH,ADDR,SPEC, 

EXP O'FLOW,EXPU’FLOW. 

OP,SPEC,EXP O'FLOW 

EXP U'FLOW 

OP,FETCH,ADDR,SPEC, 

EXP O'FLOW,EXP U'FLOW 

OP,SPEC,EXP O'FLOW 

EXP U'FL0W,FL PT DIV. 

0P,FETCH,ADDR,SPEC, 

EXP O'FLOW,EXP U'FLOW, 
FL PT DIV. 

OP,SPEC,EXP O'FLOW, 

EXP U'FLOW, FL PT DIV. 

OP,FETCH,ADDR, 

SPEC. 

OP, SPEC. 

OP, FETCH, ADDR, 

SPEC. 

OP, SPEC. 

SHIHVQNnOfl 


(0 

u. 

cd 

o 

cd 

u- 

• 

o 

Cd 


Cd 

o 

cd 

u. 

cd 

_ 

QNVHHdO 
_ _ _ 

o 

c 


c 


c 


IT 


c 


c 


c 


c: 

rH ^ 

CO 

exp. 

o'flo 




<i 








cd 

c 

cd 

c 

cd 

c 

cd 

c 



















n > 


o 




o 

o 

• 

o 

O 

o 

o 

o 

• 

• 

o 



-M 









c 

o 

o 





o 

COx 

tOx 

COx 

-M 


• 

fVJ 

A 

a> 

a> 

CD 





c 


c 





to 

r 1 



> 

> 

> 


c 

c 





c 





u ^ 



o 

■u 

—6 














. 



.o 

.o 

.o 

CD 




CD 







O 

1 , 

> 



(0 

cd 

Cd 

OI 

a> 

CD 


OI 



o 


O 

O 


-0^ 

i-H 
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on 

o 

on 

0 

LU 

on 

o 

on 

o 

iXl 

on 

LU 

o 

on 

LU 

on 
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CO 
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X 

X 
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LOGICAL INSTRUCTIONS: 


9DU9 jaj9H 

99'Bci 

m 

ro 


CO 

1— • 

CO 

—* 

139 

a CJ> 

CO CO 

t—i •—* 

139 

CJ> 

CO 

§ s 

1—1 

o> 

CO 

r-4 


§ § 

§ 

r-t 

Additional 

User 

Comments 














Interruptions, 

Exceptions, 

etc. 

STORE,ADDR. 

FETCH,STORE, 
ADDR, 

FETCH, ADDR. 

STORE, ADDR. 

FETCH, ADDR, 

SPEC. 

none 

FETCH, STORE, 
ADDR. 

STORE, ADDR. 

FETCH, ADDR, 

SPEC. 

none 

FETCH, STORE, 
ADDR. 

STORE, ADDR. 

FETCH, ADDR, 
SPEC. 

none 

FETCH,ST0RE, 

ADDR. 

STORE, ADDR. 

SHIHVGNnOQ 

QNVHHdO 

6 

a 

n.o. 

d 

d 

d 

d 

iu 

d d 

d c! 

d 

d 

iu 

d d 
c d 

d 

d 

iu 


d 

d 

Indication 
For C. C. Value 

m 

q 


r ^ 

() 

n.a. 

d d 
d 

d 

d 

6 

d 

d d 
d d 

d 

d 

6 

d 

d d 
d d 

d 

d 

fVJ 

c 

in C.( 

U 

c 

u 

.S 

d 

d 

d d 

d c: 

d 

d 

d 

d 

i d 
c d 

d 

d 

d 

d 

d d 
d d 

d 

d 


cr 

C 

D 

Xi 

o 

1 

change 

0) 

1 

•f5 

not 0 

not 0 

not 0 

not 0 

not 0 

not 0 

not 0 

not 0 

not 0 

not 0 

not 0 

not 0 

o 

o 

c 

s 

g 

g 

o 

o o 

o 

o 

o o 

o 

o 

o o 

o 

Comments 

2nd oper.placed into storage 
at 1st operand location 

2nd oper.moved one byte at a 
time (starting at left) to 1st 
operand location 

2nd oper.placed into bits 24—30 
of 1st oper. location. 

bits 24—31 of 1st operand 
placed in 2nd oper. location. 

bits of 1st oper. ANDed with cor¬ 
responding bits of 2nd oper,* one 
word operands. 

as above 

as above, except 1 to 256 bytes. 

as above,except one byte oper- 
cmds. 

bits of 1st oper. OR-ed with cor¬ 
responding bits of 2nd oper.; one 
words operands. 

as above 

as above, except 1 to 256 bytes. 

as above, except one byte 
operands. 

bits of 1st oper. Exclusive OR-ed 
with corresp. bits of 2nd oper¬ 
and; one word operands. 

as above 

as above, except 1 to 256 bytes. 

as above, except one byte 
operands. 

Operand 

General 

Format 

CsJ 

m 

Q 

CN 

R. 

i-H 

CQ 

ss 

ss 

CN CN 

XQ 

Ec S 

R1,D2(X2,B2) 
or Rl. D2 {B2) 

Rl, D2 {X2,B2) 
or Rl. D2 (B2) 

CN 

Q 

OQ 

CM r 

OC d.CN 
? ^ OQ 

S Q 

D1 (Bl), 12 

R1,D2(X2,B2) 
or Rl, D2 (B2) 

S 

S 

- ci 

£ Q 

D1 (Bl). 12 

R1,D2 (X2,B2) 
or Rl, D2 (B2) 

CN 

PQ 

rH 

CC Q 

D1 (Bl), 12 

JdAl 


CO 

CO 

RX 

RX 

RX 

RR 

SS 

55 

RX 

RR 

SS 

55 

RX 

S sg 


TOorr 

Noav>i3do 

DINOW3NW 

MVI 

MVC 

a 

STC 


NR 

NC 

s 

O 

OR 

OC 

O 

X 

XR 

XC 


- may 

NOIXV>I3dO 

3NIH3VW 

CN 

<Tt 

CN 

Q 

CO 

TT 

CN 

s 

14 

D4 


CO 

m 



ID 

^ B 


Title 

Move 

Immediate 

Move 

Characters 
(Stor. to Stor.) 

Insert 

Character 

Store 

Character 

Logical 

AND 

Logical AND 
Logical AND 

Logical AND 
Immediate 

Logiccxl OR 

Logical OR 
Logical OR 

Logical OR 
Immediate 

Exclusive OR 

Exclusive OR 

Exclusive OR 

Exclusive OR 
Immediate 

>l3QWaN 

3::)N3>I333H 

o 

r—1 

CO 

CN 

CO 

t—< 

CO 

CO 

3 

m CD 

CO CO 

t—H w—t 

CO 

00 

CO 

S 9 

f—1 r—4 

t—t 

f-H 

CN 

r—l 

§ 5 

145 


218 





145 


1—4 


^-1 

r-H 

r-H 

Tj* 

r-4 

O) 

TT 

^H 

r-H 

CD 

149 

r-H 

153 

s 

in 

^H 

















FETCH, ADDR, 

SPEC. 

none 

FETCH, ADDR. 

DC 

§ 

5 

H 

c 

FETCH, ADDR, 

SPEC. 

none 

FETCH, ADDR, 

SPEC. 

none 

none 

none 

SPEC. 

SPEC. 

none 

FETCH, ADDR. 

FETCH, STORE, 
ADDR. 

FETCH, ADDR. 

lx. 

d 

d 

d 

d 

d 

d 

lu 

d 

d 

Du. 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

non¬ 

zero 

:arry 

§ 

non¬ 

zero, 

carry 

§ 

non¬ 

zero, 

carry 

§ 

non¬ 

zero, 

carry 

§ 

i i 

_ 

lA _ 



bits 

all 

ones 


d 

d 

tt) 'S' 

^ :s 


■4-t 

w 

‘■M -s, 

zero 

ccrry 

§ 

zero, 

carry 

§ 

zero, 

carry 

§ 

zero, 

carry 

§ 

d 

.S 

in C.( 

in C.( 

n C.C 

n C.C 

d 

d 

L) 

U 

if fi¬ 
nal 
argum 
is 

"find* 

*.5 

V) o 



2l 

non¬ 

zero 

no 

:arry ^ 

non¬ 

zero, 

no 

carry § 

non¬ 

zero, 

no 

carry . 

c N O 

g 

U_ 

:hange 

d) 

1 

_ 

honge 

honge 

bits 
mixed 
0& Fs 


5h 

II 

II 

II 

II 

zero, 

no 

:arry 

§ 

zero, 

no 

carry 

§ 

d 

d 

d 

d 

no 

no 

no 

no c 

no c 

bits or 
mask 
all O's 

o 

s 

[lo non¬ 
zero 

unction 

1st oper.con^Kired with 2nd 
op^.; C.C. will reflect the re¬ 
sult; one word operands. * 

as above 

as above, except 1 to 256 bytes. 

OS above, except one byte oper¬ 
ands. 

2nd oper. added to 1st oper.; 
difference between normal Add 
is resulting C.C. i 

1 

tn 

o 

2nd oper. subttacted from 1st 
oper.; difference between nor¬ 
mal Subtract is resulting C.C. 

as above 

1st oper. register shifted no. of 
bits specified in 2nd oper.; zeros 
in; sign not special. 

as above 

1st oper. register pair shifted 
no. of bits specified in 2nd oper.; 
zeros in; sign not special 

os above 

address of 2nd oper. placed into 
lo-order 24 bits of 1st operand 
location; hi-order bits made zero 

2nd oper. is ''mask* to check 
single byte 1st oper.; sets C.C. 

ist oper.(argum.)byte replaced by 
2nd oper. (function) byte, etc. 

1st oper.(argum.) byte con^Kired 
2nd oper. (function) byte, etc. 

*A11 bits treated alike (high order bit not treated as sign bit). 

5 Out of bit 0. 

Rl, D2 (X2,B2) 
or R1,D2 (B2) 

2 

DC 

CN 

fi 

CM 

q 

f-H 

09 

J 

Q 

D1 (Bl), 12 

R1.D2(X2,B2) 
or Rl, D2 (B2) 

2 

r-H 

DC 

Rl, D2 (X2,B2) 
or Rl, D2 (B2) 

2 

r-H 

DC 

Rl, D2 (B2) 

Rl, D2 (B2) 

Rl, D2 (B2) 

Rl, D2 (B2) 

R1,D2(X2,B2) 
or Rl, D2 (B2) 

D1 (Bl), 12 

D1 (L, Bl), D2 
(B2) 

Q 

^H 

D9 

^H 

Q 

RX 

RR 

SS 

cn 

RX 

DC 

DC 

RX 

RR 

RX 

RX 

£ 

RX 

RX 

GO 

SS 

83 

CL 

CLR 

CLC 

no 

AL 

ALR 

SL 

SLR 

SLL 

SRL 

SLDL 

00 

LA 

TM 

TR 

TRT 

m 

in 

lO 

D5 


5E 

u 

•-H 

5F 

Du 

r" _ 

89 

00 

00 

Q 

00 

8C 


r-H 

CD 

DC 

DD 

S§’ 

U J 

Compare 

Logical 

Compare 

Logical 

Compare Logi¬ 
cal Immediate 

Add Logical 

Add Logical 

Subtract 

Logical 

Subtract 

Logical 

Logical Shift 
Left - Single 

Logical Shift 
Right - Single 

Logical Shift 
Left - Double 

Logical Shift 
Right - Double 

Load 

Address 

Test Under 
Mask 

Translate 

Translate 
and Test 

CD 

Tl* 

r-H 


148 

CD 

s 

f-H 

LO 

r-4 

152 

lO 

r-H 

s 

^H 


156 

in 

158 

CD 

in 

^H 

160 

CD 

^H 
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VI. SPECIAL ASSEMBLER INSTRUCTIONS: 


aDii9j:9j9>j 

9§‘BcI 

g 

#-H 

s 

1—1 

CM 

00 



184 

§ 

g 

g 

i-H 

<j) 

00 

1—1 

a 

a 

r-H 

a 

r—4 

03 

rH 

r-H 

03 

r-H 

03 

■-H 

03 

f-H 

Additional 

User 

Comments 




















Inte r r uption s, 
Exceptions, 
etc. 




















SHmvaNnoa 

QNVHHdO 








■ 












Indication 
for C. C. Value 

m 








■ 












CVJ 








■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 









■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

o 














■ 

■ 

■ 

■ 


■ 

Comments 

Ncmies and defines areas of 
storage. 

Names, defines, and inserts 
values into areas of storage. 

1 

g 

o 

CO . 

II 

Tells Assembler what Bose Reg. 
to use and the values in the 

Bose Reg. 

The Registered specified in 
USING ore no longer available as 
Bose Registers. 

See Page 184 

See Page 184 

Defines begin, of progr. and 
begin, of Ckaitrol Section. 

Identifies beginning of a 

Control Section 

Identifies beginning of a dummy 
Control Section 

Used to change the instruction 
counter within a Ctl. Section 

Used to assemble all literals on 
next double word boundary. 

Forces location counter to speci¬ 
fied halfword boundary; six comb. 

Program listing skips to top of 
next page. 

One or more lines are skipped in 
the program listing. 

Defines progr. listing heading 
and ID. 

Coiitrols a number of printing 
functions. 

allows programmer to change the 
source program format. 

Used to sequence check the 
source program cards. 

p e r a n d 

General 

Format 

1 
















1 

1 

1 


3dAl 

1 







■ 



■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

HOOD 

NOIXVHHdO 

DINOW3NJM 

a 

DC 

EQU 

USING 

DROP 

u 

H 

■ 

HI 

^■1 

ORG 

LTORC 

CNOP 

■ 

SPACE 

■null 


ICTL 

ISEQ 

3003 

NOIXVH3dO 

3NIH3VW 

1 







■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

Title 

Define 

Storage 

Define 

Constant 

Equate 

Using 

Drop 

Entry 

External Nome 
Definition 

Start 

Control 

Section 

1 

u 

11 

1 

1 

Conditional 

No Operation 

Eject 

Space 

Title 

Print 

1 

1 

33awnN 

33N3H3333 

F—1 

_ 

1—H 

f-H 

f3 

r—< 

g 

{S 

r—1 


g 

r-H 

s 
■—1 

^-4 

00 

(30 

a 

r-l 

s 

a 

n-4 

S 

i-H 

00 

rH 

a 

pH 
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vn. INPUT/OUTPUT AND MISCELLANEOUS INSTRUCTIONS; 



166 

201 

201 

s 

R 

201 

202 

202 

202 

203 

Additional 

User 

Comments 



_ .j 








Inte r iruption s, 
Exceptions, 
etc. 

none 

SUPERVISOR 

CALL INTERRUPT 

FETCH, STORE, 
ADDR. 

FETCH, STORE, 
ADDR. 

OP*. FETCH,STORE, 
ADDR, DATA. 

OP*, FETCH,STORE, 
ADDR, DATA 

PRIV, FETCH, ADDR, 
SPEC. 

PRIV. FETCH, 

ADDR. 

PRIV, OP. ADDR. 
SPEC. 

PRIV, OP, ADDR. 
SPEC. 

SHiHvaNnoa 

QNVaHdO 

d 

c 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

Q 

d 

d 

n.a. 

d 

d 

Indication 
For C. C. Value 



2 



d 

d 






fM 

td 

CM 

iS o 

PSW 
.C. of ( 

O 

d 

d 

d 

c 

.. o 
w 

_ o 
w 


d 

d 

q 

n C.C 

1 C.C. 

ipH 


s new 
j. in C 

c 

_S' 

s. 

_g_ 

'xi 

& ^ 


m 

0) 

f 

s, 

g 


o 

vdll n 
loadec 

refled 
(no ch 
PSW) 

no chc 

no ch 

3 

w 

2 O 




no ch 

u 

g 

Comments 

bits 2—7 of R1 replace C.C. 
and Progr. Mask bits of PSW 

bits 8—15 of instruc. become bits 
24—31 of the old PSW; the new 
PSW obtained from location 96. 

lo order 4 bits of each byte of 

2nd oper.placed in corresp.bits 
(positions) of 1st operand. 

hi order 4 bits of each byte of 

2nd oper. placed in corresp.bits 
(positions) of 1st operand. 

2nd operand is edited under 
control of 1st operand. 

•S “ 

1 -ao: 

w ^ “a. 

i Ris* 

S o 
o w ^ 
3 ^ w 
£ 

double word at Dl(Bl) replaces 
the current PSW 

byte at D1 (Bl) replaces bits 

0—7 of the PSW (enables or 
disables interrupts) 

key of 2048 byte block of 
storage addr. by R2 is set 
according to Rl. 

key of 2048 byte block of 
storage addr. by R2 is set 
according to Rl. 

Operand 

General 

Format 

S 

►—1 

3 

Q 

J 

3 

B 

Q 

3 

J 

F—1 

Q 

D1(L,B1).D2(B2) 


B 

S 

B 

S 

CM 

CC 

r-4 

cc 

Rl, R2 

3d AX 

g 

^_ 

00 

00 


S3 

1 

■ 


RR 

CC 

DC!_ 

HOOD 

NOIlVHHdO 

DINOW3NW 

SPM 

SVC 

MVN 

MVZ 

s 

■ 

■ 


SSK 

ISK 

dUO'J 

NOUVHHdO 

3NIH3VW 

s 

< 

o 

t-H 

Q 

s 

g 

iu 

Q 

CM 

GO 


00 

o 

CT> 

O 

Title 

Set Program 
Mask 

Supervisor 

Coll 

Move 

Numerics 

Move 

Zones 

Edit 

1 

3 8 

Load PSW 
(Privileged) 

Set System 

Mask 

(Privileged) 

Set Storage 

Key 

(Privileged) 

Insert 

Storage Key 
(Privileged) 

HHaWflN 

3DN3H333H 

200 


202 

203 

204 



207 

208 

209 
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* If decimd feature not installed. 
























VII. INPUT/OUTPUT AND MISCELLANEOUS INSTRUCTIONS: 


aDU9j:9j9^ 

203 

204 

204 

204 

204 

204 

205 

205 

Interruptions, Additional 

Exceptions, User Comments 

Etc. 









FETCH. STORE. 

ADDR. 

PRIV. 

_ 

PRIV. 

PRIV. 

PRIV. 

PRIV, OP. FETCH. 
ADDR. 

_ 

PRIV, OP. STORE. 
ADDR. 

PRIV, FETCH, STORE, 
SPEC, ADDR. 

SHIHVQNnoa 

QNVHHdO 

d 

a 

d 

d 

d 

d 

d 

d 

d 

a 

d 

d 

d 

d 

d 

d 

Indication 
For C. C. Value 

ro 

(NJ 

i-H 

O 

d 

d 

d 

d 

d 

d 

n.a. 

d 

d 

q 

d 


d 

d 

ch.or 

sub. 

busy 

Xsnq 

•qns 

jD*qo 

burst 

op. 

ter¬ 

min¬ 

ated 

burst 

made 

u 

.S 

fl) 

d 

.2 

9) 

1 — 
t) 

2 II 

CSW 

stored 

CSW 

stored 

_ 

CSW 

stored 

inter. 

pend¬ 

ing 

1 

change 

^ o 

^ II 

I/O 

initi¬ 

ated 

I/O 

initi¬ 

ated 

inter. 

pend¬ 

ing 

chan. 

avail. 

g 

S 

Comments 


hi order bit of 1st oper. byte 
sets the C.C.; byte set to Fs. 

Used to specify channel, sub¬ 
chan. and I/O device. 

Used to specify channel, sub¬ 
chan. and I/O device. 

used to specify channel, sub- 
chon. and I/O device. 

tests channel; resultiiig C.C. 
indicates state of the channel 

1st oper. byte becomes set of 
static signals on eight direcrt:- 
out lines. 

If hold signal absent, 8 bits from 

8 direct-in lines placed in 1st 
operand byte location. 

aids in diagnosis of malfunctions; 
for engineer use. 

Operand 

General 

Format 

D1 (Bl) 

D1 (Bl) 

D1 (Bl) 

D1 (Bl) 

DI (Bl) 

Dl (Bl). 12 

DI (Bl), 12 

d 

d 

3dAl 

1 

C3 

■ 


CO 

CO 

c?3 

GO 

CO 

d 

d 

3003 

NOIlVHSdO 

3INOW3NW 

CO 

E- 

SIO 

TIO 

OIH 

TCH 

OHM 

RDD 

none 

_ 

3003 

NOIXVH3dO 

3NIH3VW 

_ 

1 

g 

o 

<j) 

s; 


S3 

Title 

Test and 

Set 

start (I/O) 
(Privileged) 

Test (I/O) 
(Privileged) 

Halt (I/O) 
(Privileged) 

— 

Test Channel 
(Privileged) 

Write 

Dired 

Read 

Direct 

(Privileged) 

Diagnose 

(Privileged) 

H3awnN 

33N3H333H 

210 

^-1 

r-H 

CN 

<N 

CM 

CO 

CM 

r-i 

CM 

uO 

CM 

CD 

CM 

CM 
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Appendix C, Continued 


VIII. SPECIAL STORAGE LOCATIONS: 


Address 

Description 

0 

Initial Program Loading PSW 

8 

Initial Program Loading CCWl 

16 

Initial Program Loading CCW2 

24 

External Old PSW 

32 

Supervisor Call Old PSW 

40 

Program Old PSW 

48 

Machine Check Old PSW 

56 

I/O Old PSW 

64 

Channel Status Word 

72 

Channel Address Word (76 \mused) 

80 

Timer (84 unused) 

88 

External New PSW 

96 

Supervisor Call New PSW 

104 

Program New PSW 

112 

Machine Check New PSW 

120 

I/O New PSW 

128 

Diagnostic Scan-out Area 
(area Size dependent on CPU Model and I/O 
configuration) 
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Appendix C, Continued 
IX. PSW Details 

Bit No. 

Channel 0 Interruption Source: if bit is 1, 
interruption can take place; if bit 
Channel 1 is 0, interruption is ’’locked out. ” 

Channel 2 

Channel 3 

Channel 4 

Channel 5 

Channel 6 

Channel 7 Timer, Interrupt Key, External 
Signal 

These bits form a ’’key” which must be zero 
if memory protect feature is not incorporated; 
must match storage key of the particular 2048 
byte block being accessed if the feature is 
present. 


A 

M 

W 

P 


ASCII if 1; EBCDIC if 0. 

Machine-check interrupt if 1; no interrupt if 0. 
CPU in ”wait-state” if 1; in ’’running state if 0. 


CPU in ’’problem-state” if 1; in ’’supervisor 
statp" if n_ 
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Appendix C, Continued 
PSW Details, continued 
Bit No. 


0) 

O 

O 

a 

o 

•iH 

Ph 

d 

<v 


16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


Binary 
value 
indicates 
channel 
in I/O 

interruption 


Value of bits 16-31 
indication of cause 
interruption. 

in old PSW as 
of PROGRAM 

1 = operation 

8=fixed point overflow 

2 = privileged 

9=fixed point divide 

3 = execute 

10=decimal overflow 

4 = protection 

ll=decimal divide 

(fetch or 
store) 

12=exponent overflow 

5 = addressing 

13=exponent \mderflow 

6 = specification 

14=s i gnif ic anc e 

7 = data 

15=floating point 
divide 


-1 = 


device 
address 
bits 
in I/O 

interruption 


—1 
—1 
—1 
<--1 

-1 


timer; 0 = not 
interrupt key; 0 = not 
external signal 2; 0=not 
external signal 3; 0=not 
external signal 4; 0=not 
external signal 5; 0=not 
external signal 6; 0=not 
external signal 7; 0=not / 


value of bits 24-31 
in old PSW as 
indication of 
EXTERNAL 
interruption 


Type of 

PSW 

Locations 

Interruption 

Old 

New 

I/O Interruption 

56 

20 

Program Interruption 

40 

104 

Supervisor Call 

Interruption '5^ 

32 

96 

Machine Check 

Interruption 

48 

112 

External Interruption 

24 

88 


'J^Bits 24-31 will contain bits 8-15 (combined Ri and R 2 field, or I 
field) of the SVC instruction. Bits 16-23 will be zero. 

-l^^Bits 16-31 will be zero 
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Appendix C, continued 
PSW Details continued 


( 

ILC 

} 

Jc 

\ 

Program 

Mask 


Bit No. 


33 


These bits (the Instruction Length Code) 
indicate length (in half words) of the last 
interpreted instruction under certain 
conditions; under other conditions they 
are unpredictable. 


34 

35 


36 


37 

38 


39 


These bits are the Condition Code 
(values of 0, 1, 2, or 3) 


Fixed point overflow 
Decimal overflow 
Exponent \mderflow 
Significance 


Interruption source: 

If bit is 1, interruption 
can take place; if bit 
is zero, interruption 
is "locked out. " 


Instruction 

Address 



62 



These instruction address bits specify 
the byte location (of the high order byte) 
of the next instruction 


This bit should always be zero. This is a 
reasonable restriction since all instructions 
are two, four, or six bytes in length. 
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APPENDIX D 


ASSEMBLY LISTING 


This appendix consists of an Assembly listing. It is included 
without further explanation, but should be of interest to the student as 
an example of the type of listing that he will obtain when his program 
is assembled. Only the body of the listing is included. 
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